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(57) ABSTRACT

Provided are constructs and methods for expressing multiple
genes in plant cells and/or plant tissues. The constructs
provided comprise at least one bi-directional promoter
linked to multiple gene expression cassettes, wherein the
bi-directional promoter comprises a functional promoter
nucleotide sequence from Sugar Cane Bacilliform Virus
promoter. In some embodiments, the constructs and methods
provided employs a bi-directional promoter based on a
minimal core promoter element from a Zea mays Ubig-
uitin-1 gene, or a functional equivalent thereof, and nucleo-
tide sequence elements from a Sugar Cane Bacilliform Virus
promoter. In some embodiments, the constructs and methods
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SEQ ID NO: 1 shows a 215 bp region of a Zea mays Ubiquitin 1 minimal core promoter
(minUbilP):

CTGGACCCCTCTCGAGAGTTCCGCTCCACCGTTGGACTTGCTCCGCTGTCGGCATCCAG
AAATTGCGTGGCGGAGCGGCAGACGTGAGCCGGCACGGCAGGCGGCCTCCTCCTCCT
CTCACGGCACCGGCAGCTACGGGGGATTCCTTTCCCACCGCTCCTTCGCTTTCCCTTCC
TCGCCCGCCGTAATAAATAGACACCCCCTCCACACCCTCT

FIG. 10A

SEQ ID NO: 2 shows the reverse complement of a polynucleotide comprising a Z. mays minUbilP
minimal core promoter (underlined); a Z. mays Ubil leader (ZmUbil exon; bold font); and a Z.
mays Ubil intron (lower case):

ctgcagaagtaacaccaaacaacagggtgageatcgacaaaagaaacagtaccaagcaaataaatagegtatgaaggcaggactaaaaaaat
ccacatatagctgetgeatatgecatcatccaagtatatcaagatcgaaataattataaaacatacttgtitattataatagataggtactcaaggttag
agcatatgaatagatgctgcatatgecatcatgtatatgcatcagtaaaacceacatcaacatgtatacctatcetagategatatticcatecatetta
aactcgtaactatgaagatgtatgacacacacatacagticcaaaattaataaatacaccaggtagittgaaacagtattctactcegatctagaacg
aatgaacgaccgeccaaccacaccacatcatcacaaccaagegaacaaaaageatctctgtatatgeatcagtaaaacecgeatcaacatgtata
cctatcctagatcgatatttccatccatcatettcaattegtaactatgaatatgtatggcacacacatacagatccaaaattaataaatceaccaggta
gtttgaaacagaattctactccgatctagaacgaccgeccaaccagaccacatcatcacaaccaagacaaaaaaaageatgaaaagatgacec
gacaaacaagtgcacggcatatattgaaataaaggaaaagggcaaaccaaaccectatgeaacgaaacaaaaaaaatcatgaaatcgatceegt
ctgeggaacggctagagecatcecaggattccccaaagagaaacactggeaagttageaatcagaacgtgtetgacgtacaggicgeateegt
gtacgaacgctagcageacggatctaacacaaacacggatctaacacaaacatgaacagaagtagaactaccgggecctaaccatgeatgga
ccggaacgeegatctagagaaggtagagagggeeoogeogposaggacgageggcgtacCTTGAAGCGGAGGTGCC
GACGGGTGGATTTGGGGGAGATCTGGTTGTGTGTGTGTGCGCTCCGAACAACAC
GAGGTTGGGGAGGTACCAAGAGGGTGTGGAGGGGGTGTCTATTTATTACGGCGGGC
GAGGAAGGGAAAGCGAAGGAGCGGTGGGAAAGGAATCCCCCGTAGCTGCCGGTGCC
GTGAGAGGAGGAGGAGGCCGCCTGCCGTGCCGGCTCACGTCTGCCGCTCCGCCACGC
AATTTCTGGATGCCGACAGCGGAGCAAGTCCAACGGTGGAGCGGAACTCTCGAGAGG
GGTCCAG

FIG. 10B
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SEQ ID NO: 3 shows an exemplary synthetic Ubil bidirectional promoter, wherein the reversc
complement of a first minUbi1P, and a second minUbi1P, are underlined:

CTGCAGAAGTAACACCAAACAACAGGGTGAGCATCGACAAAAGAAACAGTACCAAG
CAAATAAATAGCGTATGAAGGCAGGGCTAAAAAAATCCACATATAGCTGCTGCATAT
GCCATCATCCAAGTATATCAAGATCGAAATAATTATAAAACATACTTGTTTATTATAA
TAGATAGGTACTCAAGGTTAGAGCATATGAATAGATGCTGCATATGCCATCATGTATA
TGCATCAGTAAAACCCACATCAACATGTATACCTATCCTAGATCGATATTTCCATCCAT
CTTAAACTCGTAACTATGAAGATGTATGACACACACATACAGTTCCAAAATTAATAAA
TACACCAGGTAGTTTGAAACAGTATTCTACTCCGATCTAGAACGAATGAACGACCGCC
CAACCACACCACATCATCACAACCAAGCGAACAAAAAGCATCTCTGTATATGCATCAG
TAAAACCCGCATCAACATGTATACCTATCCTAGATCGATATTTCCATCCATCATCTTCA
ATTCGTAACTATGAATATGTATGGCACACACATACAGATCCAAAATTAATAAATCCAC
CAGGTAGTTTGAAACAGAATTCTACTCCGATCTAGAACGACCGCCCAACCAGACCACA
TCATCACAACCAAGACAAAAAAAAGCATGAAAAGATGACCCGACAAACAAGTGCAC
GGCATATATTGAAATAAAGGAAAAGGGCAAACCAAACCCTATGCAACGAAACAAAAA
AAATCATGAAATCGATCCCGTCTGCGGAACGGCTAGAGCCATCCCAGGATTCCCCAAA
GAGAAACACTGGCAAGTTAGCAATCAGAACGTGTCTGACGTACAGGTCGCATCCGTGT
ACGAACGCTAGCAGCACGGATCTAACACAAACACGGATCTAACACAAACATGAACAG
AAGTAGAACTACCGGGCCCTAACCATGCATGGACCGGAACGCCGATCTAGAGAAGGT
AGAGAGGGGGGGGGGGGGGAGGACGAGCGGCGTACCTTGAAGCGGAGGTGCCGACG
GGTGGATTTGGGGGAGATCTGGTTGTGTGTGTGTGCGCTCCGAACAACACGAGGTTGG
GGAGGTACCAAGAGGGTGTGGAGGGGGTGTCTATTTATTACGGCGGGCGAGGAAGGG
AAAGCGAAGGAGCGGTGGGAAAGGAATCCCCCGTAGCTGCCGGTGCCGTGAGAGGA
GGAGGAGGCCGCCTGCCGTGCCGGCTCACGTCTGCCGCTCCGCCACGCAATTTCTGGA
TGCCGACAGCGGAGCAAGTCCAACGGTGGAGCGGAACTCTCGAGAGGGGTCCAGCCG
CGGAGTGTGCAGCGTGACCCGGTCGTGCCCCTCTCTAGAGATAATGAGCATTGCATGT
CTAAGTTATAAAAAATTACCACATATTTTTTTTGTCACACTTGTTTGAAGTGCAGTTTA
TCTATCTTTATACATATATTTAAACTTTACTCTACGAATAATATAATCTATAGTACTAC
AATAATATCAGTGTTTTAGAGAATCATATAAATGAACAGTTAGACATGGTCTAAAGGA
CAATTGAGTATTTTGACAACAGGACTCTACAGTTTTATCTTTTTAGIGTGCATGTGTTC
TCCTTITTITTTTGCAAATAGCTTCACCTATATAATACTTCATCCATTTTATTAGTACATC
CATTTAGGGTTTAGGGTTAATGGTTTTTATAGACTAATTTTTTTAGTACATCTATTTTAT
TCTATTTTAGCCTCTAAATTAAGAAAACTAAAACTCTATTTTAGTTTTTTTATTTAATAG
TTTAGATATAAAATAGAATAAAATAAAGTGACTAAAAATTAAACAAATACCCTTTAAG
AAATTAAAAAAACTAAGGAAACATTTTITCTTGTTTCGAGTAGATAATGCCAGCCTGTT
AAACGCCGTCGACGAGTCTAACGGACACCAACCAGCGAACCAGCAGCGTCGCGETCGG
GCCAAGCGAAGCAGACGGCACGGCATCTCTGTCGCTGCCTCTGGACCCCTCTCGAGAG
TTCCGCTCCACCGTTGGACTTGCTCCGCTGTCGGCATCCAGAAATTGCGTGGCGGAGC
GGCAGACGTGAGCCGGCACGGCAGGCGGCCTCCTCCTCCTCTCACGGCACCGGCAGCT
ACGGGGGATTCCTTTCCCACCGCTCCTTCGCTTTCCCTTICCTCGCCCGCCGTAATAAAT
AGACACCCCCTCCACACCCTCTTTCCCCAACCTCGTGTTGTTC

FIG. 11A
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GGAGCGCACACACACACAACCAGATCTCCCCCAAATCCACCCGTCGGCACCTCCGCTT
CAAGGTACGCCGCTCGTCCTCCCCCCCCCCCCCCCTCTCTACCTTCTCTAGATCGGCGT
TCCGGTCCATGCATGGTTAGGGCCCGGTAGTTCTACTTCTGTTCATGTTIGTGTTAGAT
CCGTGTTTGTGTTAGATCCGTGCTGCTAGCGTTCGTACACGGATGCGACCTGTACGTCA
GACACGTTCIGATTGCTAACTTGCCAGTGTTTCTCTTTGGGGAATCCTGGGATGGCTCT
AGCCGTTCCGCAGACGGGATCGATTTCATGATTTTITTTTGTTTCGTTGCATAGGGTTTG
GTTTGCCCTTTTCCTTITATTTCAATATATGCCGTGCACTTGTTTGTCGGGTCATCITITC
ATGCTTTTTTTTGTCTTGGTTGTGATGATGTGGTCTGGTTGGGCGGTCGTTCTAGATCG
GAGTAGAATTCTGTTTCAAACTACCTGGTGGATTITATTAATTTTGGATCTGTATGTGTG
TGCCATACATATTCATAGTTACGAATTGAAGATGATGGATGGAAATATCGATCTAGGA
TAGGTATACATGTTGATGCGGGTTTTACTGATGCATATACAGAGATGCTTTTTGTTCGC
TTGGTTGTGATGATGTGGTGTGGTTGGGCGGTCGTTCATTCGTTCTAGATCGGAGTAGA
ATACTGTTTCAAACTACCTGGTGTATTTATTAATTTTGGAACTGTATGTGTGTGTCATA
CATCTTCATAGTTACGAGTTTAAGATGGATGGAAATATCGATCTAGGATAGGTATACA
TGTTGATGTGGGTTTTACTGATGCATATACATGATGGCATATGCAGCATCTATTCATAT
GCTCTAACCTTGAGTACCTATCTATTATAATAAACAAGTATGTTTTATAATTATTTCGA
TCTTGATATACTTGGATGATGGCATATGCAGCAGCTATATGTGGATTTTTTTAGCCCTG
CCTTCATACGCTATTTATTTGCTTGGTACTGTTTCTTTTGTCGATGCTCACCCTGTTGTT
TGGTGTITACTTCTGCAG

FIG. 11B
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SEQ ID NO: 4 shows an exemplary nucleic acid comprising YI7P and GUS gene expression
cassettes driven by a synthetic Ubil bidirectional promoter.

AGCACTTAAAGATCTTTAGAAGAAAGCAAAGCATTTATTAATACATAACAATGTCCAG
GTAGCCCAGCTGAATTACAATACGCAACTGCTCATAATAATTCAACAAACCCAAGTAG
TACACAACATCCAGAAGCAAATAAAGCCCATACGTACCAAAGCCTACACAAGCAGCA
ACACTCACTGCCAGTGCCGGTGGGTCTTTAAAGCACACGGGCCTTGACCACGCGATCC
ACCTTGAAACAAACTTGGTAAAATTAAAGCAAACCAGAAGCACACACACGCCAACGC
AACGCTTCTGATCGCGCGCCCAAGGCCCGGCCGGCCAGAACGTACGACGGACACGCA
CACGCTGCGACCGAGCTCTAGGTGATTAAGCTAACTACTCAAAGGTAGGTCTTGCGAC
AGTCAACAGCTCTGACAGTTTCTTTCAAGGACATGTTGTCTCTGTGGTCTGTCACATCT
TTGGAAAGTTTCACATGGTAAGACATGTGATGATACTCTGGAACATGAACTGGACCTC
CACCAATGGGAGTGTTCATCTGGGTGTGGTCAGCCACTATGAAGTCGCCTTTGCTGCC
AGTAATCTCATGACAGATCTTGAAGGCTGACTTGAGACCGTGGTTGGCTTGGTCACCC
CAGATGTAGAGGCAGTGGGGAGTGAAGTTGAACTCCAAGTTCTTTCCCAACACATGAC
CATCTTTCTTGAAGCCTTGACCATTGAGTTTGACCCTATTGTAGACAGACCCATTCTCA
AAGGTGACTTCAGCCCTAGTCTTGAAGTTGCCATCICCITCAAAGGTGATTGTGCGCTC
TTGCACATAGCCATCTGGCATACAGGACTTGTAGAAGTCCTTCAACTCTGGACCATAC
TTGGCAAAGCACTGTGCTCCATAGGTGAGAGTGGTGACAAGTGTGCTCCAAGGCACA
GGAACATCACCAGTTGTGCAGATGAACTGTGCATCAACCTTTCCCACTGAGGCATCTC
CGTAGCCTTTCCCACGTATGCTAAAGGTGTGGCCATCAACATTCCCTTCCATCTCCACA
ACGTAAGGAATCTTCCCATGAAAGAGAAGTGCTCCAGATGCCATGGTGTCGTGTGGAT
CCGGTACACACGTGCCTAGGACCGGTTCAACTAACTACTGCAGAAGTAACACCAAAC
AACAGGGTGAGCATCGACAAAAGAAACAGTACCAAGCAAATAAATAGCGTATGAAG
GCAGGGCTAAAAAAATCCACATATAGCTGCTGCATATGCCATCATCCAAGTATATCAA
GATCGAAATAATTATAAAACATACTTGTITATTATAATAGATAGGTACTCAAGGTTAG
AGCATATGAATAGATGCTGCATATGCCATCATGTATATGCATCAGTAAAACCCACATC
AACATGTATACCTATCCTAGATCGATATTTCCATCCATCTTAAACTCGTAACTATGAAG
ATGTATGACACACACATACAGTTCCAAAATTAATAAATACACCAGGTAGTTTGAAACA
GTATTCTACTCCGATCTAGAACGAATGAACGACCGCCCAACCACACCACATCATCACA
ACCAAGCGAACAAAAAGCATCTCTGTATATGCATCAGTAAAACCCGCATCAACATGTA
TACCTATCCTAGATCGATATTTCCATCCATCATCTTCAATTCGTAACTATGAATATGTA
TGGCACACACATACAGATCCAAAATTAATAAATCCACCAGGTAGTTTGAAACAGAATT
CTACTCCGATCTAGAACGACCGCCCAACCAGACCACATCATCACAACCAAGACAAAA
AAAAGCATGAAAAGATGACCCGACAAACAAGTGCACGGCATATATTGAAATAAAGGA
AAAGGGCAAACCAAACCCTATGCAACGAAACAAAAAAAATCATGAAATCGATCCCGT
CTGCGGAACGGCTAGAGCCATCCCAGGATTCCCCAAAGAGAAACACTGGCAAGTTAG
CAATCAGAACGTGTCTGACGTACAGGTCGCATCCGTGTACGAACGCTAGCAGCACGG
ATCTAACACAAACACGGATCTAACACAAACATGAACAGAAGTAGAACTACCGGGCCC
TAACCATGCATGGACCGGAACGCCGATCTAGAGAAGGTAGAGAGGGGGGGGGGGGG
GAGGACGAGCGGCGTACCTTGAAGCGGAGGTGCCGACGGGTGGATTTGGGGGAGATC
TGGTTGTGTGTGTGTGCGCTCCGAACAACACGAGGTTGGGGAGGTACCAAGAGGGTGT
GGAGGGGGTGTCTATTTATTACGGCGGGCGAGGAAGGGAAAGCGAAGGAGCGGTGGG
AAAGGAATCCCCCGTAGCTGCCGGTGCCGTGAGAGGAGGAGGAGGCCGCCTGCCGTG
CCGGCTCACGTCTGCCGCTCCGCCACGCAATTTCTGGATGCCGACAGCGGAGCAAGTC
CAACGGTGGAGCGGAACTCTCGAGAGGGGTCCAGCCGCGGAGTGTGCAGCGTGACCC
GGTCGTGCCCCTCTCTAGAGATAATGAGCATTGCATGTCTAAGTTATAAAAAATTACC
ACATATTTTTTTTGTCACACTTGTTTGAAGTGCAG

FIG. 12A



U.S. Patent Sep. 27, 2016 Sheet 10 of 91 US 9,453,235 B2

TTTATCTATCTTTATACATATATTTAAACTTTACTCTACGAATAATATAATCTATAGTAC
TACAATAATATCAGTGTTTTAGAGAATCATATAAATGAACAGTTAGACATGGTCTAAA
GGACAATTGAGTATTTTGACAACAGGACTCTACAGTTTTATCTTTTTAGTGTGCATGTG
TTCTCCTTTITITITTGCAAATAGCTTCACCTATATAATACTTCATCCATTTITATTAGTAC
ATCCATTTAGGGTTTAGGGTTAATGGTTTTTATAGACTAATTTITTTTAGTACATCTATIT
TATTCTATTTTAGCCTCTAAATTAAGAAAACTAAAACTCTATTTTAGTTTTITITATTTAA
TAGTTTAGATATAAAATAGAATAAAATAAAGTGACTAAAAATTAAACAAATACCCTTT
AAGAAATTAAAAAAACTAAGGAAACATTTTTCTTGTTTCGAGTAGATAATGCCAGCCT
GTTAAACGCCGTCGACGAGTCTAACGGACACCAACCAGCGAACCAGCAGCGTCGCGT
CGGGCCAAGCGAAGCAGACGGCACGGCATCTCTGTCGCTGCCTCTGGACCCCTCTCGA
GAGTTCCGCTCCACCGTTGGACTTGCTCCGCTGTCGGCATCCAGAAATTGCGTGGCGG
AGCGGCAGACGTGAGCCGGCACGGCAGGCGGCCTCCTCCTCCTCTCACGGCACCGGC
AGCTACGGGGGATTCCTTTCCCACCGCTCCTTCGCTTTICCCTTCCTCGCCCGCCGTAAT
AAATAGACACCCCCTCCACACCCTCTTTCCCCAACCTCGTGTTGTTCGGAGCGCACAC
ACACACAACCAGATCTCCCCCAAATCCACCCGTCGGCACCTCCGCTTCAAGGTACGCC
GCTCGTCCTCCCCCCCCCCCCCCCTCTCTACCTTCTCTAGATCGGCGTTCCGGTCCATG
CATGGTTAGGGCCCGGTAGTTCTACTTCTGTTCATGTTTGTGTTAGATCCGTGTTTGTG
TTAGATCCGTGCTGCTAGCGTTCGTACACGGATGCGACCTGTACGTCAGACACGTTCT
GATTGCTAACTTGCCAGTGTTTCTCTTTGGGGAATCCTGGGATGGCTCTAGCCGTTCCG
CAGACGGGATCGATTTCATGATTTTTTTTGTTTCGTTGCATAGGGTTTGGTITGCCCTTT
TCCTTTATTTCAATATATGCCGTGCACTTGTTTGTCGGGTCATCTTTTCATGCTTTTTTTT
G1CTTGGTTGTGATGATGTGGTCTGGTTGGGCGGTCGTTCTAGATCGGAGTAGAATTCT
GTTTCAAACTACCTGGTGGATTTATTAATTTTGGATCTGTATGTGTGTGCCATACATAT
TCATAGTTACGAATTGAAGATGATGGATGGAAATATCGATCTAGGATAGGTATACATG
TTGATGCGGGTTTTACTGATGCATATACAGAGATGCTTTTTGTTCGCTTGGTTGTGATG
ATGTGGTGTGGTTGGGCGGTCGTTCATTCGTTCTAGATCGGAGTAGAATACTGTTTCAA
ACTACCTGGTGTATTTATTAATTTTGGAACTGTATGTGTGIGTCATACATCTTCATAGT
TACGAGTTTAAGATGGATGGAAATATCGATCTAGGATAGGTATACATGTTGATGTGGG
TTTTACTGATGCATATACATGATGGCATATGCAGCATCTATTCATATGCTCTAACCTTG
AGTACCTATCTATTATAATAAACAAGTATGTTTTATAATTATITCGATCTTGATATACT
TGGATGATGGCATATGCAGCAGCTATATGTGGATTTTTTTAGCCCTGCCTTCATACGCT
ATTTATTTGCTTGGTACTGTTTCTTTTGTCGATGCTCACCCTGTTGTTTGGTGTTACTTCT
GCAGGTACAGTAGTTAGTTGAGGTACAGCGGCCGCAGGGCACCATGGTCCGTCCTGTA
GAAACCCCAACCCGTGAAATCAAAAAACTCGACGGCCTGTGGGCATTCAGTCTGGATC
GCGAAAACTGTGGAATTGATCAGCGTTGGTGGGAAAGCGCGTTACAAGAAAGCCGGG
CAATTGCTGTGCCAGGCAGTTTTAACGATCAGTTCGCCGATGCAGATATTCGTAATTAT
GCGGGCAACGTCTGGTATCAGCGCGAAGTCTTTATACCGAAAGGTTGGGCAGGCCAG
CGTATCGTGCTGCGTTTCGATGCGGTCACTCATTACGGCAAAGTGTGGGTCAATAATC
AGGAAGTGATGGAGCATCAGGGCGGCTATACGCCATTTGAAGCCGATGTCACGCCGT
ATGTTATTGCCGGGAAAAGTGTACGTATCACCGTTTGTGTGAACAACGAACTGAACTG
GCAGACTATCCCGCCGGGAATGGTGATTACCGACGAAAACGGCAAGAAAAAGCAGTC
TTACTTCCATGATTTCTTTAACTATGCCGGAATCCATCGCAGCGTAATGCTCTACACCA
CGCCGAACACCTGGGTGGACGATATCACCGTGGTGACGCATGTCGCGCAAGACTGTA
ACCACGCGTCTGTTGACTGGCAGGTGGTGGCCAATGGTGATGICAGCGTTGAACTGCG
TGATGCGGATCAACAGGTGGTTGCAACTGGACAAGGCACTAGCGGGACTTTGCAAGT
GGTGAAT
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CCGCACCTCTGGCAACCGGGTGAAGGTTATCTCTATGAACTGTGCGTCACAGCCAAAA
GCCAGACAGAGTGTGATATCTACCCGCTTCGCGTCGGCATCCGGTCAGTGGCAGTGAA
GGGCGAACAGTTCCTGATTAACCACAAACCGTTCTACTITACTGGCTTTGGTCGTCATG
AAGATGCGGACTTGCGTGGCAAAGGATTCGATAACGTGCTGATGGTGCACGACCACG
CATTAATGGACTGGATTGGGGCCAACTCCTACCGTACCTCGCATTACCCITACGCTGA
AGAGATGCTCGACTGGGCAGATGAACATGGCATCGTGGTGATTGATGAAACTGCTGCT
GTCGGCTTTAACCTCTCTTTAGGCATTGGTTTCGAAGCGGGCAACAAGCCGAAAGAAC
TGTACAGCGAAGAGGCAGTCAACGGGGAAACTCAGCAAGCGCACTTACAGGCGATTA
AAGAGCTGATAGCGCGTGACAAAAACCACCCAAGCGTGGTGATGTGGAGTATTGCCA
ACGAACCGGATACCCGTCCGCAAGGTGCACGGGAATATTTCGCGCCACTGGCGGAAG
CAACGCGTAAACTCGACCCGACGCGTCCGATCACCTGCGTCAATGTAATGTTCTGCGA
CGCTCACACCGATACCATCAGCGATCTCTTTGATGTGCTGTGCCTGAACCGTTATTACG
GATGGTATGTCCAAAGCGGCGATTTGGAAACGGCAGAGAAGGTACTGGAAAAAGAAC
TTCTGGCCTGGCAGGAGAAACTGCATCAGCCGATTATCATCACCGAATACGGCGTGGA
TACGTTAGCCGGGCTGCACTCAATGTACACCGACATGTGGAGTGAAGAGTATCAGTGT
GCATGGCTGGATATGTATCACCGCGTCTTTGATCGCGTCAGCGCCGTCGTCGGTGAAC
AGGTATGGAATTTCGCCGATTTTGCGACCTCGCAAGGCATATTGCGCGTTGGCGGTAA
CAAGAAAGGGATCTTCACTCGCGACCGCAAACCGAAGTCGGCGGCTTTTCTGCTGCAA
AAACGCTGGACTGGCATGAACTTCGGTGAAAAACCGCAGCAGGGAGGCAAACAATGA
GACGTCCGGTAACCTTTAAACTGAGGGCACTGAAGTCGCTTGATGTGCTGAATTGTTT
GTGATGTTGGTGGCGTATTTTGTTTAAATAAGTAAGCATGGCTGTGATTTTATCATATG
ATCGATCTTTGGGGTTTTATTTAACACATTGTAAAATGTGTATCTATTAATAACTCAAT
GTATAAGATGTGTTCATTCTTCGGTTGCCATAGATCTGCTTATTTGACCTGTGATGTITT
GACTCCAAAAACCAAAATCACAACTCAATAAACTCATGGAATATGTCCACCTGTTTCT
TGAAGAGITCATCTACCATTCCAGTTGGCATTTATCAGTGTTGCAGCGGCGCTGTGCTT
TGTAACATAACAATTGTTACGGCATATATCCAA
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SEQ ID NO: 5 shows an exemplary SCBV bidirectional promoter comprising a minUbi1P minimal
core promoter, wherein the reverse complement of the minUbilP is underlined:

CTGCAGAAGTAACACCAAACAACAGGGTGAGCATCGACAAAAGAAACAGTACCAAG
CAAATAAATAGCGTATGAAGGCAGGGCTAAAAAAATCCACATATAGCTGCTGCATAT
GCCATCATCCAAGTATATCAAGATCGAAATAATTATAAAACATACTTGTTTATTATAA
TAGATAGGTACTCAAGGTTAGAGCATATGAATAGATGCTGCATATGCCATCATGTATA
TGCATCAGTAAAACCCACATCAACATGTATACCTATCCTAGATCGATATTTCCATCCAT
CTTAAACTCGTAACTATGAAGATGTATGACACACACATACAGTTCCAAAATTAATAAA
TACACCAGGTAGTTTGAAACAGTATTCTACTCCGATCTAGAACGAATGAACGACCGCC
CAACCACACCACATCATCACAACCAAGCGAACAAAAAGCATCTCTGTATATGCATCAG
TAAAACCCGCATCAACATGTATACCTATCCTAGATCGATATTTCCATCCATCATCITCA
ATTCGTAACTATGAATATGTATGGCACACACATACAGATCCAAAATTAATAAATCCAC
CAGGTAGTTTGAAACAGAATTCTACTCCGATCTAGAACGACCGCCCAACCAGACCACA
TCATCACAACCAAGACAAAAAAAAGCATGAAAAGATGACCCGACAAACAAGTGCAC
GGCATATATTGAAATAAAGGAAAAGGGCAAACCAAACCCTATGCAACGAAACAAAAA
AAATCATGAAATCGATCCCGTCTGCGGAACGGCTAGAGCCATCCCAGGATTCCCCAAA
GAGAAACACTGGCAAGTTAGCAATCAGAACGTGTCTGACGTACAGGTCGCATCCGTGT
ACGAACGCTAGCAGCACGGATCTAACACAAACACGGATCTAACACAAACATGAACAG
AAGTAGAACTACCGGGCCCTAACCATGCATGGACCGGAACGCCGATCTAGAGAAGGT
AGAGAGGGGGGGGGGGGGGAGGACGAGCGGCGTACCTTGAAGCGGAGGTGCCGACG
GGTGGATTTGGGGGAGATCTGGTTGTGTGTGTGTGCGCTCCGAACAACACGAGGTTGG
GGAGGTACCAAGAGGGTGTGGAGGGGGTGTCTATTTATTACGGCGGGCGAGGAAGGG
AAAGCGAAGGAGCGGTGGGAAAGGAATCCCCCGTAGCTGCCGGTGCCGTGAGAGGA
GGAGGAGGCCGCCTGCCGTGCCGGCTCACGTCTGCCGCTCCGCCACGCAATTTCTGGA
TGCCGACAGCGGAGCAAGTCCAACGGTGGAGCGGAACTCTCGAGAGGGGTCCAGCCG
CGGAGTATCGGAAGTTGAAGACAAAGAAGGTCTTAAATCCTGGCTAGCAACACTGAA
CTATGCCAGAAACCACATCAAAGCATATCGGCAAGCTTCTTGGCCCATTATATCCAAA
GACCTCAGAGAAAGGTGAGCGAAGGCTCAATTCAGAAGATTGGAAGCTGATCAATAG
GATCAAGACAATGGTGAGAACGCTTCCAAATCTCACTATTCCACCAGAAGATGCATAC
ATTATCATTGAAACAGATGCATGTGCAACTGGATGGGGAGCAGTATGCAAGTGGAAG
AAAAACAAGGCAGACCCAAGAAATACAGAGCAAATCTGTAGGTATGCCAGTGGAAAA
TTTGATAAGCCAAAAGGAACCTGTGATGCAGAAATCTATGGGGTTATGAATGGCTTAG
AAAAGATGAGATTGTTCTACTTGGACAAAAGAGAGATCACAGTCAGAACTGACAGTA
GTGCAATCGAAAGGTTCTACAACAAGAGTGCTGAACACAAGCCTTCTGAGATCAGAT
GGATCAGGTT
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CATGGACTACATCACTGGTGCAGGACCAGAGATAGTCATTGAACACATAAAAGGGAA
GAGCAATGGTTITAGCTGACATCTTGTCCAGGCTCAAAGCCAAATTAGCTCAGAATGAA
CCAACGGAAGAGATGATCCTGCTTACACAAGCCATAAGGGAAGTAATTCCTTATCCAG
ATCATCCATACACTGAGCAACTCAGAGAATGGGGAAACAAAATTCTGGATCCATTCCC
CACATTCAAGAAGGACATGTTCGAAAGAACAGAGCAAGCTTTTATGCTAACAGAGGA
ACCAGTTCTACTCTGTGCATGCAGGAAGCCTGCAATTCAGTTAGTGTCCAGAACATCT
GCCAACCCAGGAAGGAAATTCTTCAAGTGCGCAATGAACAAATGCCATTGCTGGTACT
GGGCAGATCTCATTGAAGAACACATTCAAGACAGAATTGATGAATTTCTCAAGAATCT
TGAAGTTCTGAAGACCGGTGGCGTGCAAACAATGGAGGAGGAACTTATGAAGGAAGT
CACCAAGCTGAAGATAGAAGAGCAGGAGTTCGAGGAATACCAGGCCACACCAAGGG
CTATGTCGCCAGTAGCCGCAGAAGATGTGCTAGATCTCCAAGACGTAAGCAATGACG
ATTGAGGAGGCATTGACGTCAGGGATGACCGCAGCGGAGAGTACTGGGCCCATTCAG
TGGATGCTCCACTGAG I TGTATTATTGTGTGCTTTTCGGACAAGTGTGCTGTCCACTTT
CTTTTGGCACCTGTGCCACTTTATTCCTTGTCTGCCACGATGCCTTTGCTTAGCTTGTAA
GCAAGGATCGCAGTGCGTGTGTGACACCACCCCCCTTCCGACGCTCTGCCTATATAAG
GCACCGTCTGTAAGCTCTTACGATCATCGGTAGTTCACCAAGGCCCGGGGTCGGATCT
AGCTGAAGGCTCGACAAGGCAGTCCACGGAGGAGCTGATATTITGGTGGACAAGCTGT
GGATAGGAGCAACCCTATCCCTAATATACCAGCACCACCAAGTCAGGGCAATCCCCA
GATCACCCCAGCAGATTCGAAGAAGGTACAGTACACACACATGTATATATGTATGATG
TATCCCTTCGATCGAAGGCATGCCTTGGTATAATCACTGAGTAGTCATITTATTACTTT
GTTTTGACAAGTCAGTAGTTCATCCATTTGTCCCATTTTITCAGCTTGGAAGTTTGGTT
GCACTGGCCTTGGTCTAATAACTGAGTAGTCATTTTATTACGTTGTTTCGACAAGTCAG
TAGCTCATCCATCTGTCCCATTTTTTCAGCTAGGAAGTTTGGTTGCACTGGCCTTGGAC
TAATAACTGATTAGTCATTTTATTACATTGTTTCGACAAGTCAGTAGCTCATCCATCTG
TCCCATTTTTCAGCTAGGAAGTTC
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SEQ ID NO: 6 shows a SCBV promoter containing ADHI exon 6 (underlined), intron 6 (lower case
font), and exon 7 (bold font).

ATCGGAAGTTGAAGACAAAGAAGGTCTTAAATCCTGGCTAGCAACACTGAACTATGC
CAGAAACCACATCAAAGCATATCGGCAAGCTTCTTGGCCCATTATATCCAAAGACCTC
AGAGAAAGGTGAGCGAAGGCTCAATTCAGAAGATTGGAAGCTGATCAATAGGATCAA
GACAATGGTGAGAACGCTTCCAAATCTCACTATTCCACCAGAAGATGCATACATTATC
ATTGAAACAGATGCATGTGCAACTGGATGGGGAGCAGTATGCAAGTGGAAGAAAAAC
AAGGCAGACCCAAGAAATACAGAGCAAATCTGTAGGTATGCCAGTGGAAAATTTGAT
AAGCCAAAAGGAACCTGTGATGCAGAAATCTATGGGGTTATGAATGGCTTAGAAAAG
ATGAGATTGTTCTACTTGGACAAAAGAGAGATCACAGTCAGAACTGACAGTAGTGCA
ATCGAAAGGTTCTACAACAAGAGTGCTGAACACAAGCCTTCTGAGATCAGATGGATC
AGGTTCATGGACTACATCACTGGTGCAGGACCAGAGATAGTCATTGAACACATAAAA
GGGAAGAGCAATGGTTTAGCTGACATCTTGTCCAGGCTCAAAGCCAAATTAGCTCAGA
ATGAACCAACGGAAGAGATGATCCTGCTTACACAAGCCATAAGGGAAGTAATTCCTT
ATCCAGATCATCCATACACTGAGCAACTCAGAGAATGGGGAAACAAAATTCTGGATC
CATTCCCCACATTCAAGAAGGACATGTTCGAAAGAACAGAGCAAGCTTTTATGCTAAC
AGAGGAACCAGTTCTACTCTGTGCATGCAGGAAGCCTGCAATTCAGTTAGTGTCCAGA
ACATCTGCCAACCCAGGAAGGAAATTCTTCAAGTGCGCAATGAACAAATGCCATTGCT
GGTACTGGGCAGATCTCATTGAAGAACACATTCAAGACAGAATTGATGAATTTCTCAA
GAATCTTGAAGTTCTGAAGACCGGTGGCGTGCAAACAATGGAGGAGGAACTTATGAA
GGAAGTCACCAAGCTGAAGATAGAAGAGCAGGAGTTCGAGGAATACCAGGCCACACC
AAGGGCTATGTCGCCAGTAGCCGCAGAAGATGTGCTAGATCTCCAAGACGTAAGCAA
TGACGATTGAGGAGGCATTGACGTCAGGGATGACCGCAGCGGAGAGTACTGGGCCCA
TTCAGTGGATGCTCCACTGAGTTGTATTATTGTGTGCTTTTCGGACAAGTGTGCTGTCC
ACTTTCTTTTGGCACCTGTGCCACTTTATTCCTTGTCTGCCACGATGCCTTTGCTTAGCT
TGTAAGCAAGGATCGCAGTGCGTGTGTGACACCACCCCCCTTCCGACGCTCTGCCTAT
ATAAGGCACCGTCTGTAAGCTCTTACGATCATCGGTAGTTCACCAAGGCCCGGGGTCG
GATCTAGCTGAAGGCTCGACAAGGCAGTCCACGGAGGAGCTGATATTTGGTGGACAA
GCTGTGGATAGGAGCAACCCTATCCCTAATATACCAGCACCACCAAGTCAGGGCAATC
CCCAGATCACCCCAGCAGATTCGAAGAAGgtacagtacacacacatgtatatalgtatgatgtatcccttegategaa
ggcatgccttgptataatcactgagtagteattttattacttigttitgacaagicagtagttcatceatttgtcecattttttcagettggaagtttggttoc
actggccttggtctaataactgagtagteatttiatiacgttgtticgacaagtcagtagetcatecatetgteccattttttcagetaggaagtttgatts
cactggectiggactaataactgattagteattttattacattgtttcgacaagtcagtagetcatccatetgteccatttttcagCTAGGAAGT
TC
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SEQ ID NO: 7 shows a nucleic acid comprising Y/'P and GUS gene expression casscttcs driven by
an exemplary SCBV bidircctional promoter.

AGCACTTAAAGATCTTTAGAAGAAAGCAAAGCATTTATTAATACATAACAATGTCCAG
GTAGCCCAGCTGAATTACAATACGCAACTGCTCATAATAATTCAACAAACCCAAGTAG
TACACAACATCCAGAAGCAAATAAAGCCCATACGTACCAAAGCCTACACAAGCAGCA
ACACTCACTGCCAGTGCCGGTGGGTCTTTAAAGCACACGGGCCTTGACCACGCGATCC
ACCTTGAAACAAACTTGGTAAAATTAAAGCAAACCAGAAGCACACACACGCCAACGC
AACGCTTCTGATCGCGCGCCCAAGGCCCGGCCGGCCAGAACGTACGACGGACACGCA
CACGCTGCGACCGAGCTCTAGGTGATTAAGCTAACTACTCAAAGGTAGGTCTTGCGAC
AGTCAACAGCTCTGACAGTTTCTTTCAAGGACATGTTGTCTCTGTGGTCTGTCACATCT
TTGGAAAGTTTCACATGGTAAGACATGTGATGATACTCTGGAACATGAACTGGACCTC
CACCAATGGGAGTGTTCATCTGGGTGTGGTCAGCCACTATGAAGTCGCCTTTGCTGCC
AGTAATCTCATGACAGATCTTGAAGGCTGACTTGAGACCGTGGTTGGCTTGGTCACCC
CAGATGTAGAGGCAGTGGGGAGTGAAGTTGAACTCCAAGTTCTTTCCCAACACATGAC
CATCTTTCTTGAAGCCTTGACCATTGAGTTTGACCCTATTGTAGACAGACCCATTCTCA
AAGGTGACTTCAGCCCTAGTCTTGAAGTTGCCATCTCCTTCAAAGGTGATTGTGCGCTC
TTGCACATAGCCATCTGGCATACAGGACTTGTAGAAGTCCTTCAACTCTGGACCATAC
TTGGCAAAGCACTGTGCTCCATAGGTGAGAGTGGTGACAAGTGTGCTCCAAGGCACA
GGAACATCACCAGTTGTGCAGATGAACTGTGCATCAACCTTTCCCACTGAGGCATCTC
CGTAGCCTTTCCCACGTATGCTAAAGGTGTGGCCATCAACATTCCCTTCCATCTCCACA
ACGTAAGGAATCTTCCCATGAAAGAGAAGTGCTCCAGATGCCATGGTGTCGTGTGGAT
CCGGTACACACGTGCCTAGGACCGGTTCAACTAACTACTGCAGAAGTAACACCAAAC
AACAGGGTGAGCATCGACAAAAGAAACAGTACCAAGCAAATAAATAGCGTATGAAG
GCAGGGCTAAAAAAATCCACATATAGCTGCTGCATATGCCATCATCCAAGTATATCAA
GATCGAAATAATTATAAAACATACTTGTITATTATAATAGATAGGTACTCAAGGTTAG
AGCATATGAATAGATGCTGCATATGCCATCATGTATATGCATCAGTAAAACCCACATC
AACATGTATACCTATCCTAGATCGATATTTCCATCCATCTTAAACTCGTAACTATGAAG
ATGTATGACACACACATACAGTTCCAAAATTAATAAATACACCAGGTAGTTTGAAACA
GTATTCTACTCCGATCTAGAACGAATGAACGACCGCCCAACCACACCACATCATCACA
ACCAAGCGAACAAAAAGCATCTCTGTATATGCATCAGTAAAACCCGCATCAACATGTA
TACCTATCCTAGATCGATATTTCCATCCATCATCTTCAATTCGTAACTATGAATATGTA
TGGCACACACATACAGATCCAAAATTAATAAATCCACCAGGTAGTTTGAAACAGAATT
CTACTCCGATCTAGAACGACCGCCCAACCAGACCACATCATCACAACCAAGACAAAA
AAAAGCATGAAAAGATGACCCGACAAACAAGTGCACGGCATATATTGAAATAAAGGA
AAAGGGCAAACCAAACCCTATGCAACGAAACAAAAAAAATCATGAAATCGATCCCGT
CTGCGGAACGGCTAGAGCCATCCCAGGATTCCCCAAAGAGAAACACTGGCAAGTTAG
CAATCAGAACGTGTCTGACGTACAGGTCGCATCCGTGTACGAACGCTAGCAGCACGG
ATCTAACACAAACACGGATCTAACACAAACATGAACAGAAGTAGAACTACCGGGCCC
TAACCATGCATGGACCGGAACGCCGATCTAGAGAAGGTAGAGAGGGGGGGGGGGGG
GAGGACGAGCGGCGTACCTTGAAGCGGAGGTGCCGACGGGTGGATTTGGGGGAGATC
TGGTTGTGTGTGTGTGCGCTCCGAACAACACGAGGTTGGGGAGGTACCAAGAGGGTGT
GGAGGGGGTGTCTATTTATTACGGCGGGCGAGGAAGGGAAAGCGAAGGAGCGGTGGG
AAAGGAATCCCCCGTAGCTGCCGGTGCCGTGAGAGGAGGAGGAGGCCGCCTGCCGTG
CCGGCTCACGTCTGCCGCTCCGCCACGCAATTTCTGGATGCCGACAGCGGAGCAAGTC
CAACGGTGGAGCGGAACT
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CTCGAGAGGGGTCCAGCCGCGGAGTATCGGAAGTTGAAGACAAAGAAGGTCTTAAAT
CCTGGCTAGCAACACTGAACTATGCCAGAAACCACATCAAAGCATATCGGCAAGCTTC
TIGGCCCATTATATCCAAAGACCTCAGAGAAAGGTGAGCGAAGGCTCAATTCAGAAG
ATTGGAAGCTGATCAATAGGATCAAGACAATGGTGAGAACGCTTCCAAATCTCACTAT
TCCACCAGAAGATGCATACATTATCATTGAAACAGATGCATGTGCAACTGGATGGGGA
GCAGTATGCAAGTGGAAGAAAAACAAGGCAGACCCAAGAAATACAGAGCAAATCTGT
AGGTATGCCAGTGGAAAATTTGATAAGCCAAAAGGAACCTGTGATGCAGAAATCTAT
GGGGTTATGAATGGCTTAGAAAAGATGAGATTGTTCTACTTGGACAAAAGAGAGATC
ACAGTCAGAACTGACAGTAGTGCAATCGAAAGGTTCTACAACAAGAGTGCTGAACAC
AAGCCTTCTGAGATCAGATGGATCAGGTTCATGGACTACATCACTGGTGCAGGACCAG
AGATAGTCATTGAACACATAAAAGGGAAGAGCAATGGTTTAGCTGACATCTTGTCCAG
GCTCAAAGCCAAATTAGCTCAGAATGAACCAACGGAAGAGATGATCCTGCTTACACA
AGCCATAAGGGAAGTAATTCCTTATCCAGATCATCCATACACTGAGCAACTCAGAGAA
TGGGGAAACAAAATTCTGGATCCATTCCCCACATTCAAGAAGGACATGTTCGAAAGA
ACAGAGCAAGCTTTITATGCTAACAGAGGAACCAGTTCTACTCTGTGCATGCAGGAAGC
CTGCAATTCAGTTAGTGTCCAGAACATCTGCCAACCCAGGAAGGAAATTCTTCAAGTG
CGCAATGAACAAATGCCATTGCTGGTACTGGGCAGATCTCATTGAAGAACACATTCAA
GACAGAATTGATGAATTTCTCAAGAATCTTGAAGTTCTGAAGACCGGTGGCGTGCAAA
CAATGGAGGAGGAACTTATGAAGGAAGTCACCAAGCTGAAGATAGAAGAGCAGGAG
TTCGAGGAATACCAGGCCACACCAAGGGCTATGTCGCCAGTAGCCGCAGAAGATGTG
CTAGATCTCCAAGACGTAAGCAATGACGATTGAGGAGGCATTGACGTCAGGGATGAC
CGCAGCGGAGAGTACTGGGCCCATTCAGTGGATGCTCCACTGAGTTGTATTATIGTGT
GCTTTTCGGACAAGTGTGCTGTCCACTTTCTTTTGGCACCTGTGCCACTTTATTCCTTGT
CTGCCACGATGCCTTTGCTTAGCTTGTAAGCAAGGATCGCAGTGCGTGTGTGACACCA
CCCCCCTTCCGACGCTCTGCCTATATAAGGCACCGTCTGTAAGCTCTTACGATCATCGG
TAGTTCACCAAGGCCCGGGGTCGGATCTAGCTGAAGGCTCGACAAGGCAGTCCACGG
AGGAGCTGATATTTGGTGGACAAGCTGTGGATAGGAGCAACCCTATCCCTAATATACC
AGCACCACCAAGTCAGGGCAATCCCCAGATCACCCCAGCAGATTCGAAGAAGGTACA
GTACACACACATGTATATATGTATGATGTATCCCTTCGATCGAAGGCATGCCTTGGTAT
AATCACTGAGTAGTCATTITATTACTTTGTTTTGACAAGTCAGTAGTTCATCCATTITGT
CCCATTTTTTCAGCTTGGAAGTTTGGTTGCACTGGCCTTGGTCTAATAACTGAGTAGTC
ATTTTATTACGTTGTTTCGACAAGTCAGTAGCTCATCCATCTGTCCCATTTTTTCAGCTA
GGAAGTTTGGTTGCACTGGCCTTGGACTAATAACTGATTAGTCATTTTATTACATTGTT
TCGACAAGTCAGTAGCTCATCCATCTGTCCCATTTTTCAGCTAGGAAGTTCGCGGCCGC
AGGGCACCATGGTCCGTCCTGTAGAAACCCCAACCCGTGAAATCAAAAAACTCGACG
GCCTGTGGGCATTCAGTCTGGATCGCGAAAACTGTGGAATTGATCAGCGTTGGTGGGA
AAGCGCGTTACAAGAAAGCCGGGCAATTGCTGTGCCAGGCAGTTTTAACGATCAGTTC
GCCGATGCAGATATTCGTAATTATGCGGGCAACGTCTGGTATCAGCGCGAAGTCTTTA
TACCGAAAGGTTGGGCAGGCCAGCGTATCGTGCTGCGTTTCGATGCGGTCACTCATTA
CGGCAAAGTGTGGGTCAATAATCAGGAAGTGATGGAGCATCAGGGCGGCTATACGCC
ATTTGAAGCCGATGTCACGCCGTATGTTATTGCCGGGAAAAGTGTACGTATCACCGTT
TGTGTGAACAACGAACTGAACTGGCAGACTATCCCGCCGGGAATGGTGATTACCGAC
GAAAACGGCAAGAAAAAGCAGTCTTACTTCCATGATITCTTTAACTATGCCGGAATCC
ATCGCAGCGTAATGCTCTACACCACGCCGAACACCTGGGTGGACGATATCACCGTGGT
GACGCATGTCGCGCAAGACTGTAACCACG
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CGTCTGTTGACTGGCAGGTGGTGGCCAATGGTGATGTCAGCGTTGAACTGCGTGATGC
GGATCAACAGGTGGTTGCAACTGGACAAGGCACTAGCGGGACTTTGCAAGTGGTGAA
TCCGCACCTCTGGCAACCGGGTGAAGGTTATCTCTATGAACTGTGCGTCACAGCCAAA
AGCCAGACAGAGTGTGATATCTACCCGCTTCGCGTCGGCATCCGGTCAGTGGCAGTGA
AGGGCGAACAGTTCCTGATTAACCACAAACCGTTCTACTTTACTGGCTTTGGTCGTCAT
GAAGATGCGGACTTGCGTGGCAAAGGATTCGATAACGTGCTGATGGTGCACGACCAC
GCATTAATGGACTGGATTGGGGCCAACTCCTACCGTACCTICGCATTACCCTTACGCTG
AAGAGATGCTCGACTGGGCAGATGAACATGGCATCGTGGTGATTGATGAAACTGCTG
CTGTCGGCTTTAACCTCTCTTTAGGCATTGGTTTCGAAGCGGGCAACAAGCCGAAAGA
ACTGTACAGCGAAGAGGCAGTCAACGGGGAAACTCAGCAAGCGCACTTACAGGCGAT
TAAAGAGCTGATAGCGCGTGACAAAAACCACCCAAGCGTGGTGATGTGGAGTATTGC
CAACGAACCGGATACCCGTCCGCAAGGTGCACGGGAATATTTCGCGCCACTGGCGGA
AGCAACGCGTAAACTCGACCCGACGCGTCCGATCACCTGCGTCAATGTAATGTTCTGC
GACGCTCACACCGATACCATCAGCGATCTCTTTGATGTGCTGTGCCTGAACCGTTATTA
CGGATGGTATGTCCAAAGCGGCGATTTGGAAACGGCAGAGAAGGTACTGGAAAAAGA
ACTTCTGGCCTGGCAGGAGAAACTGCATCAGCCGATTATCATCACCGAATACGGCGTG
GATACGTTAGCCGGGCTGCACTCAATGTACACCGACATGTGGAGTGAAGAGTATCAGT
GTGCATGGCTGGATATGTATCACCGCGTCTTTGATCGCGTCAGCGCCGTCGTCGGTGA
ACAGGTATGGAATTTCGCCGATTTTGCGACCTCGCAAGGCATATTGCGCGTTGGCGGT
AACAAGAAAGGGATCTTCACTCGCGACCGCAAACCGAAGTCGGCGGCTTTTCTGCTGC
AAAAACGCTGGACTGGCATGAACTTCGGTGAAAAACCGCAGCAGGGAGGCAAACAAT
GAGACGTCCGGTAACCTTTAAACTGAGGGCACTGAAGTCGCTTGATGTGCTGAATTGT
TTGTGATGTTGGTGGCGTATTTTGTTTAAATAAGTAAGCATGGCTGTGATTTITATCATA
TGATCGATCTTTGGGGTTTTATTTAACACATTGTAAAATGTGTATCTATTAATAACTCA
ATGTATAAGATGTGTTCATTCTTCGGTTGCCATAGATCTGCTTATTTGACCTGTGATGT
TTTGACTCCAAAAACCAAAATCACAACTCAATAAACTCATGGAATATGTCCACCTGTT
TCTTGAAGAGTTCATCTACCATTCCAGTTGGCATTTATCAGTGTTGCAGCGGCGCTGTG
CTTTGTAACATAACAATTGTTACGGCATATATCCAA
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SEQ ID NO: 16
CTGGACCCCTCTCGAGTGTTCCGCTTCACCGTTGGACTTGCTACGCTGTCAGCATCGA
GATGTTGCGTGGCGGAGCGGCAGACTTGAGCCGTCACGGCAGGCGGCCTCCTCCTCC
TCTCACGGCATCTGTAGCTACGGGGGATTCCTTTCGCACCGCTCGTTCGCTTTCCCTT
CCTCGTCTGCCGAAATAATGTTACACCCCCTCCACAGCCTCT

SEQ ID NO: 17
CTGGACCCCTCTCGAGAGTTCCGCTCCACCGTTGGACTAGCTCTGCTGTCGGCATCCA
GAAAATGCTTGGCAGTGCGGCAGACGTGAGCCGGCACGGCAGGGGGCCTCCTCCTG
CTCTCACGGCACATGAAGCTACGGGTGATAGCTTGCCCACCGCTCCAACGCTTTCCC
TTACTCTCACGCCGTAATAAATAGACACCCCTTCCACAACCTCT

SEQ ID NO: 18
CTGGACCTCTCTCGAGAGTTGCGCTCCACCGATGGACTTGCTCCGCTGTCGGCGTCC
ATAATTTGCGTGGCGGAGCGGCAGACGGGAGCCGGCACGGCAGGGAGCCTCGTCCT
CCTCTCACGGCACCTGCAACTACGGGGGATTCCTATCCCACCGCTCCTTCGCTTTCAC
TTCTTCGCCCTCCTTAATAAGTAGACACCCCATCCGAGCCCTCT

SEQID NO: 19
CAAGACCCCTCTCGAGAGTTCCGCACCACCGTTGGACGTGCTCCGCTATCTGCATCC
AGAAATTGCGTGGCGGAACGGTAAACGTGAGCCGTCACGGCAGGCGGCCTCCTCCT
CCTCTCACGACACCGGCAGCTACGGGGGATACCTGTCACACAGCTCCTTCGCTTTITCT
TTCCTCGCCCGCCGTAATATGTATACACTCCCTCCGCACCCTCT

SEQ ID NO: 20
CTGGACCCCTCTCGAGGGTTCCGTTCCACCGTTGGTCTTGGTCCGCTGTCGGGATCCA
GAAATAGCGTGGCGGAGCGGCAGACGTGATCCGGCACGGCATGCGGCCTCCTAGTC
CTATCACAGCACCGGCAGCTATGGGAGATTCCATTCCCACCGCTCCTGCGCTTTCACT
GGCTGGCCCGCCGTGATAGATAGACACCCCCTCCACACCCTCT

FIG. 21A
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SEQ ID NO: 21
GTTGGCTTCTCTTGTGAGTTCTGCTTCACGGATGGACTTGGTCAACGGACGGCATCCA
GAATTTGCGTGGCGTAGCGGCGGACGTGATCCGGCGCGGCAGGCGGCTTCCTCCTCC
TCTCACTTAAGCGACAGCTACAGGGGATTCCTTTCCCACCGCTCCTTCGCTTGCCGTA
CCTCGCCCGCCGTAATAAATAGACACCCCTTCCACTCCCTICT

SEQ ID NO: 22
CTGGATCCCTCTCGAGAGTGCGGCTCCGACGTTGGACTTGCTCCGAAGTCGGCATCC
AAAAATTGCGTGGTGGAGAGGCAGACTTGAGCCGGCACGGCAGGAGGCCTCGTCCT
ACTCGCACGGTATCGGCAGCAACGGGAGAATCCTTGCACTCTGCTCCTTCGCTGTAC
CTTCCTCGCCCGCTGATATTGATAGACACCCCCTGCATACCCTCT

SEQ ID NO: 23
ATGGACCCTTCTCGAGTGTTCGGCTCCACCGTTAGACTTGCTCCACGATCGACATCA
AGAAATTGCGAGACGGAGCTACAAACGTAAGAAATCTCGGTAGGGGGCCTCCTCCT
CCTCTCACGGCACCGGCAGCTACGGGGGATTCCTGTCCCACCTCTCCTTCACGTTCCC
TACCTCGCCCGCCATAATTAATAAGCACCCCCTCCGCACCCTCT

SEQ ID NO: 24
CTGGACCCCTCTAAAGAGTTCCACGCCACCGTTATAATGGCTCCGCTGTCGGCATCC
AGAAATTACTTGGCGGATCAGCAGACGTGAGCCAGCATGGCTGGCGGCCTCCTCCTC
CTCTCACGATGCCGTCAGCTACGGGGGATTCCTTTCCCAACGCTCCTTCGCTTTCCTA
TGCGCGCCTGCCGGATTAAATAGGCAGCTTCTCGTCACCCTCT

SEQ ID NO: 25
CAAGACACCTCTCGATTGTTCCGCTTCACCGTTGGACTTTCTCCTCAGTCGGCATACA
GAAATTGCTTGGCGAAGCGGCAGACATGAGCCGGCACGACATGCGTCCTCATTCTCC
TCTCATGGCACCGGCAGTTACTGGTGAATCCTATCGCACCGCTCCTTCGCTGTCCCTT
AATCGCCCGCCGAAAATAATTGACACCCCATCCACACCCTCT
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SEQ ID NO: 26
GAGGACCCCTCTCGTGTGTATCGCTCCACCTTTGGAGTTGGTCCACTATCGGCGTACA
GAAAATTCGTTGCGAAGCGGCAGACGTGAGCCTACACGGCAGTCGGCCTCTACCTCC
TGACAAGGCACGTGCAGCTACAGATGATGCCTTTCCCACCACTCCTTCGCGTTCCTTT
CCTCGCCATCAGTAATGAATGGACACGTCCTCCAGACTCTCT

SEQ ID NO: 27
CTGAACCCATCTCGAGTATGCCGCACGATCGATTGACATGCTCCACTGGCAGCATCC
AGAAATTGCATTGGGGAGCATCAGGCGTGAGCCTGCACGGCAGGCGGACTATTCCT
CCTCGCGCGGCACCGGCAACTACGGGGGATGCTTGACCGACCGCTCCATCGATTTCC
CAATCTCGCTTGCCGTATTAAATAGATAACCCCTTCACACCCTCT

SEQ ID NO: 28
CTGGACTCCTTACGGGAGATCCGCTCCACCGTTGGACTAGCTCCGTTTTCGGCTTCAA
TAAAGGGCGTGGGGGAGCGGCAGTCGGGGGCAGGCACGGCAGTGGTCCTCATCCAT
ATCTCACGGGGCCGGCAGTTGAGGGGGATTCCTGTCCCACCTCACCTACTCTTTCCCT
ACCTCGTCTGCCATATTAAATAGTCACCCCCTCCACAACCTTT

SEQ ID NO: 29
TTGGACCCCTCTCGAAAG I TAGGCTCCGCCGTTGGACTGGTTTCGCGGTCATCAATC
AGGAATTGCGGGGCGGAGGGTCAGACGTGTGCCGGCACAGCAGGTGGCCTCCTCAT
CGTCACAAGGCACTGGCAACTACGGGTGATTCATTTCCTTCAGCACCTACGCTTACC
CTGCCACGCCCTCCGTATTATAATGACACCCCCTCCACACCTTAT

SEQ ID NO: 30
CTGGACCCCACGCGGGGTTTTCGTTCCTCCGTTGGGATAGCTCCGGTGTCAGCATAC
AGAGAATATATGTCGGAGCGGAAGACGTGAGCCGACACGGCGGGCTGCCGCCTCCT
CCTGTCACGACACCGGCAGGTACGGGGGATTCCGTTCCCGCCGCACAGTCACTTTCG
CTTCCTTGCCGGTCGTATTAAATAGACACCGTGTCCACAGCCTCT
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SEQ ID NO: 31
CTTGAGCCCACTCTAGAGTTCCGTTTCACCGAATGACTAGCTCCGCTGTCGGTATCCA
TTAAGTGGGAGGCAGAACGTCATATGAGAGTCGGCACGGGAGGCGTTCGCCACGTC
CGCGCACTACAGCGGGAGCTGCGGAATATACCTGTCCCAATGCTGCTACGCTTTCCC
TTCCGCGCCCACCGTAGAAAAATGACAGTCCCTTCACACCCTCT

SEQ ID NO: 32
TAGGAGGCCTCTCGAAAGGTCCGGAACTCCGTAGGACGTGCTCCGCTGACAGCATCC
AGGAATATCATGGGGGAGCTGCAGACGAGAGCCTGGACGACAAGGGGTCACCTCGG
CCGCTGACAGCTGCGGCAGCAACGGAGTATGCTTTTCTCACCGCTCCGGCGCTTTCC
CTTCGACGCAGGCCAGAATAAGTAGACATCAGCGCCACACCCTCT

SEQ ID NO: 33
CTTGTCTCCACTCTGATGTTCCGCTCCAACATTTGATTTGCTCCTCTGTAGGCATACA
GTTATTGGGGGACTGATCGGCAGACGTGAGCCAGCACTGCAAACGGCCAACTCCTCC
TCTCTCGACTAAGGGATTAATTAAGGATACCTTACCCGCGGCTCCTTCTCTTTCCCTA
CCTAGCCCGCCTTATTAAATAGAGACCGCCTCCACAGCCGCT

SEQ ID NO: 34
CTGTACCCTTCACAAGGGTTACACGCTACCGATGGACTTGCACCACTGTGGGGTTCC
AATAATTGCGTGGCTGGGCGTCAGACATATTCCGGCATGGCAAGCGGCCTGCTCCTC
CTCTGGGAGCACCGGCAACAATGGGGGATTCCAAGCCCGCAGGTCCTTCGTTTTACC
GTCCTCGCCCGCCGTAGTATGTAGGCATCCCAGAGACTACCTCT

SEQ ID NO: 35
CAGGAACCCTAACGAGGGTTCCGCACGACCAAATGACTTGATCTTCTGTCGGCATCC
AGAAATGGGGTGTCAGAGCGGCATGCGTGAGCCGGCGGGGCGTGCGGCCTCATGCT
GCTCTCGCGGGACTAGGAGTTACGGGGGATACCTGTATTGCCGCTCCGACACTGTAC
CATCCTCTCCCGCCGGAGTATAGAGACACCCCCTCGACGCCATAT
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SEQ ID NO: 36
CTGTGCTCCTGTATGGGGTTCAACTCCACCGTGAAATTTGCGCCTCTGTCGTCATCCA
GAAATTGCGTGGTTGATCTGCTGACGTTAAAGGGCTCTGCAGGCGGCTTCCTTCGGC
TATGAAGGTACTGGCGTCTGCAAGTGATGCTTTTGCTAACTCGCCTTCGATGTCCCTT
CCTCGCGTGCTTTAATAGGTTGTCAGCCGCTCCAGACCATTT

SEQ ID NO: 37
CTGGTCCCATCGCTAGTGGTACGCTCCACCGGTGGAGTAGCTCAGATGTCTGAAGGG
TGGAATTTAGAGGTGGAGAGACAGACGTGAGCTAGAGCGGCATGGGACCTGGTCCA
CCGCTCGAGGCAATGGCAACGACTGTTGAAACCTTGCCCACCACTCCTGCAATTTTC
CATCCTCACCGGCCGGAATGAATTAAAACCCACGTCACAACCTCT

SEQ ID NO: 38
CGTGACAGGGCTCGGGTGTTCGGCTCCATCGTAGTGCATGCGCCGATGTAAGTATAC
AAGAAGTACGTGGCTTGGCGTCTGACGAGGGCCGTCAAGGCAGGCGGCCTCCTTCTA
AGCTTACGGCGCCGGCAGGTTCGTAGGTTACCTTACACTCAACTCATAGTCTATCTAT
TACTCGTACTGCGTTATAAATTGTCACCCCCTCCACACCCTCT

SEQ ID NO: 39
AGGAACGCTTCTCGATGGTTGCGCACATAGGAGGGACTTGATAGTCGGTGGAAATCT
AAGAATTGCATATCAGATCTGCAGACGTTAGCCGACATGGCTAGCAGACTACTCCGC
TTCACACGTCAGCGAAAGCGACGGAGGATTTCTTGCCAACGGCGCCTTCGCGAACCC
TTCCTCGCCCGTCGGAAGAAAGATACTCCCCTTGCACACCCTCT

SEQ ID NO: 40
CTTGACTTGGCTCGAGAGTTCTGCGCTTCCATTGTAGTTGCAGCGATGTCGGAGTCCG
AGGGTTGCGTGGCGGTGCGGCAGACGTGGGCAGATACGACTGTATGCCAGCACCTA
AACATACGGTACCAGAAGCTGCGGTGGATACCTTTCCCGACGCATATACGTTTTCCG
TGCCTCTCACGCCGTAGTAAATAAACTCCCCCTCCTGTTCCTTT

FIG. 21E
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1 AATTACAACGE GTATATATCC PCCCASTCAS CATCATCAECA CCAARAGTTA GGULCGAARTA
€l GTTTCARATT AGBAAGOTOG CAATTEAGGT CTACAGGCCA ARTTCEOTCT TALRUCGTACA
izZ1 ATRATTACTCA CORGATOCTA ACLCGGTGTGRE TCATGGGCCSG CGATTAAAAL TCTCAATTAT
igl ATTTSGTCTA ATTPAGTTTS GTATTGAGTA AAACAARATTL GGELCGCCATGC CCOBGGCAAGE
241 CEOCGCACAR GTTTGTACAR ARARGCAGHC TGAGTATTCA CTACAGTACT GCATCCGATGG
301 AGTCATCACS CRAGACTATCT CAGCATGTGS GTAGCACGTC TAGAUCTAGE TAGGITRATE
3&l RAGUTTGCAT GCCGGAGGAR ATATGALTTC AGCACTTAAA GATCTTTAGA RGAAAGCAAR
ZmLip 3' UTR vl
421 GCATTTATTA ATACATAACA ATGTCCAGGT AGCOCAGCTS AATTACAATA CGCAACTGCT

ZmLip 3' UTR vl

CATARTARTT CAACARARCCC ARACTACTACRE CAACATCCAG AAGCABATAA AGUCCATACG
ZmLip 3' UTR vi

TACCRARGCC TACACABRGCA GCAACACTCOR CTGCCAGTEC CGETEGETOT TTARAGUACA
ZmLip ' UTR vi

COEGCOTTCA CCAUSCEATC CACCTTCAAR CAARARCTTGGT ARRATTAAARG CRARAUCAGHA
Zmlip 3' UTR wi

GUACACACET GCCRACGOAR COCTTCTGAT CGOGCGUCCA AGGULLUGECC GGLCAGRACG
ZmLip 3' UTR w1

PACCACGGALD ACGCACACGC TGUGACCGAG UTCTCRAAGE TAGHETLTTGL GACAGTUAAC

ZmLip 3' UTR vl PhIY¥YFE v3 (with intron)
AGCTCTGACA GTTTOTTTCA AGCTCATETT STCTCTGETGE TUTGTCACAT CTTTGGARAG
Phi¥FP v3 {with intzron}
TPPOACRTGE TARGACATAT CATGATACTC TGSAARCATGEA ACTGERZACCTC CACCAATGGEG

s o e P e T P X6 P T o 5 Thp Py Tt Yo e PR e g T 8 TR 0 N W 9 Pt e o T P T g N A T P e o o o P P M R S s M5 O P B s Pl S A e

Dhi¥FP w3

481

541

&0t

gel

FZ21

841

{with intron)

S01 AGTETTCATC TOGGTETGEST CAGCCACTAT GRACTCGUCT TTGEUTGCCAS TRATOTCOATE
Phi¥FP v3 (with intron)

G961 ACATRTCOTTS ARGLOTGACT TEAGACCGSTS CTITGGUTTGE TOTOCCCAGA TETAGAGECR
PRIYFP w3 {with intxon)

1081 CTEEEGACTE ARGTTGAALT CCAAGTTCTT TCCCRACACG TGACCATCTT TCTTGAAGLC

ERi¥YFP w3 {with intron)

TTEACCATTE AGTPPCACCC TATTCTAGAC AGACCCATTC TCAARGGTGA CTTCAGOLICT
PRiIYFP w3 {with intron)

AGTCTTGARED TTGOCATOTC CTTCARAGLT GATTETGOGE TCTTHCACAT AGUCATCTGGE
PRIYFP v3 (with intron}

CATACAGGAC TTGTAGRAGT CUTTCARCTC TGHACCATAC TTGGCAAAGT ACTGTGCTLC
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1681
1141

1201
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1321

1381

1441

1561

igez2l

1681

1741

1801

1861

isel

2041

21401

2161

Phi¥FP v3 {with intron}
ATROOTGAGSA CTGGTGAIAR GTGTEOTCCA AGGCACAGGA ACATITCOGE TAGTACAGAT

PhiYFP w3 [with intron}
CRATTOTGOA TCAACCTGCA CATCACCATG TTTTGGTCAT ATATTAGEAR AGTTATAZAT
Phi¥YFP w3 {with intron)
TRAARTLTAD ACACTTATAA ACTACAGARA AGCAATAGCT ATATACTACA TPOTTTTATT
PhHiYFP v3 {with intron}
PPCAARABRLE TAOTTGAAAT ACTATATTAC TACTAXRTTAL TGATAATTAT TATATATATA
Phi¥FP %3 {with intron}
PCRARGOTAG AAGCCAGCAARD ATACCTTTOC CAUTGRGGUR TUTCUGTAGC CTTTCCCALG
Phi¥FP v3 {(with intron)
PTATGOCTAARS CTOTECOCAT CRACATTCCOD TTCCATCTIL ACAACGTAAL GAATCTTLCC
PRIYFF w3 {with intron)
ATEARACALE AGTGOTOCAG ATGACATAGS GUCGGGATTC PLOTCCACGT CALUGUATGET
Phi¥FP ¥3 {with intron)
PRCARCACTT COTCOTROCCT COUGHRGECASG CUTRACTCCA CCLAACTGTGEE TGCGRAGTUAA
aah-1 v3 {no stop)
CTATCTCERAC PTTCOUCAGCAT AGTCAGGAAC AGCACGGETGD ATGGTGCACA AGTTGTUCCA
BAD~-1 w3 (no stop}
GACARGCOADT TEETOTTTOT TCOCACLOTCAC ACGGTAALSTG AAGTCRAAATC TCGTGGUATG
ART-1 w3 (no stop}
OTCATAGCRASCE AACTOAAGCA ATCEGCTTTGR TPLTGCATCT GTCATGLCCT CRATTLTCTG
aaD-1 v3 (no stop)
ACRCTACAST TOATTCACAT AARMGGCOTTT CCOTTCCAGAG CCAGGATGASE TCACARLCAR
AAD-1 w3 {(no stop)
COCATCRACT CTOTOTOTET CACCAGCATC AACATOCATC ACCTTGACTE AGGTGTIGCT
A2D-1 v3 {no stop)
CAACGCCACCE PTPOTGTLCTT GGTAGAGGGA ACCGRACACE CGTGTGGCAG AGTGUACAAC
RAD-1 ¥3 (no stop)
GTTCACCCCT TORATGGTGRG CTTGCATGET TGGAGACAAG GTUTCCLRAAG CTGTGTACAT
AAD-1 v3 {nc stop}
TCARALGAAC CCAGTHTOTPS CGCCATGUTC AGGARCATOT ATGGUCCTCA TCACRACAGC
AaaD-1 v3 {no stop)
BCOTECSACOT CGCATCRAGGCE AAGCTGLAGTC TETGTGECCLAS TCATCALCAR TTACCCTICE
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ARD-1 v3 {no stop)
2281 AGACTCATTG GUTTOTOTGE GGATCATITG RACCTCTGGEA TAGCUCTTCAR TGLICTTGAL
AED-1 v3 (no stop)
2341 BRGRGGCACT GGATCAACTE GTCLABACCT TCTTGAGAAT GUAATGETGCT GUTCATTGGET
Aa0-1 v3 (no stop)
2401 GATTGCTTEG CCAGGRAAGT AGATGACTTE GTAAGTGTGC AAGGCATCCA ATATUTCATT
A2D-1 v3 (no stop)
2461 COAGGTECTE TCATCRAGTG GTTLCUTCAL GTCCACTLCA GTGATUTCAG CACCAAGGAC
AAT-1 v3 (no stop)
2521 ACCAGTGAGT GGUTGEGACAG CTATTOTCTC BAAGCGTTGG GAGRGAGGGEC TGAGGGCAGC
AAD-1 v3 {(no stop}
2581 ATHAGOCATG GTETCGTGTE GATCCCPTGCA GAAGTAACAC CAAACAACAL GGETGAGUAZC
2641 GACAARAGAY ACAGTACCARA GCAAATAAAT AGCGTATGAA GGLAGGGCTA AAAARATCCA
2701 CATATAGCTG CTECATATGC CATCATCCAR GTATATCAAG ATCGARATAA TTATAARACA
2761 TAROTPCTTTE TTATAATAGCE TAGGTACTCA AGGTTAGAGC ATATGAATAG ATGUTGCATA
2821 TECCATCATG TATATGCATC AGTAABACCT ACATCARARCAT GTATACCTAT COTAGATUGA
2881 TAPTPLCATC CATCTTARRC TCGTAACTAT GRAGATGTAT GACACACALR TACAGTTCCA
2941 BAATTAARTARA ATACACCAGG TAGTTTGAAR CARGTATTUTA CTCCGATCTA GARACGAATGA
3601 BCGACCGOOC RACCRCACCEA CATCATCACA ACCAAGCGAA CARARAGCAT CTCTGTATAT
3061 GOATCAGTRA ARCCCGCATC RACATGTATE CCTATLCTAG ATCGATATTT CCATCCATCA
3121 TCPPCARATTC GTAACTHTGER ATATCTATGG CACACACATR CAGATCCAAA ATTAATAAAT
3181 CCACCRGETRE GTTTGRARACA CAATTUOTACT CCGATUTAGAR ACGACCGUCC AACCAGACTA
3241 CAPCATCACE ACCABAGACER BAARRBGCAT GRABAGATGA CUCGARCAAAC ARAGTGCACGS
3381 CETATATTEA BATABRAGGAE ARGLGUARAC CAARCCCTAT GUAACGARAAAT RAARAARRATC
3361 BTGABATCGE TOOCOTOTCS GOAACGGCTA GAGCCATOCC AGGATTCCCC AAAGALGRARAC
3421 ACTEGCARGT TAGCAARTCAS AACSTGTCTG ACETACRGGT CGCATCCOGTE TACGAACGLT
3481 AGCAGIACGSE ATCTAACACA AACACGGHATC TRAACACABRL ATGARCAGRR GTAGARACTAC
3541 COEECOTAR CCATELATES ACUOGRACGC CGATCTAGAG ARAGGTAGAGAR GGGLGLEGHGEGG
3581 CECCAGGALG AGCGGOSTARC CTTGAAGCRE AGHETGUCGAC GGEGTGGATTT GGGEGAGATC
3661 TEETTETETE TETETGOGOT COGARARCAACA CGAGGTTGEE GAGGTACCAZ GAGGGTGTGG
MIn UbilP
3721 AGGGEGTETC TATTTATTAC GHRCEGGCGAG GRAGGGAALG CCAAGGAGCG GIGHEGAAAGG
MIn Ubilp
3781 RAPOCCOCET AGOTRCCGGET GCOCOTGRGAS GAGGAGGAGS CUGCOTGLLG TGLCGHUTCA
MIn UbilPp
3841 CETCTHCOCET TLCGCCACED BATTTOTGGAR TGLCGACAGC GGAGUARGTC CAACGETGGA
MIn UhilP
3{BV promoter vZ
3801 GUCGARCTCT CGAGASGGET CCALCCGHCGE AGTATLGGAA CTTGAAGACA AAGAAGGTCT

P o s i o P e P e s P Py Py T P T Py T e e P e Py O

MIn UbilPp
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3981

4321

4081

43141

4201

4781

4321

4381

4441

4561

4681

4741

48401

4521

3CBV promoLer i

TRARATCCTEG CTAGCRACAC TGAACTATGC CAGARACCAT ATCAAAGCAT APCGGUARAGC
SCBY promoter vZ2

TTCTTGECCC ATTATATCCA ARCACCTCAG AGARARCCTGERE GUGAAGGUTC RATTCAGRAG
SCBV promoter v

ATTGGAAGCT GATCAATACG ATCAAGACARA TGLETCAGAAL GUTTCCAAAT CPCACTATTC
8BV promoter vEZ

CACCAGRAGR TGCATARCATT ATCATTGARAA CAGATGCUATE TGCAACTGGR TGLGGAGLAL
3CBV promoter vZ

TATGCAAGTE GAAGRARAAL ARGGCCAGRCC CRAGRRATRAC AGRGCAAATC TLGTAGGTATE
SCBYV promoter vZ
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CCRETGGARR ATTTGATAAG CCARRAGGARAR CCOTGTEGATEC AGRARTCTAT GGEGTTATGA
SCBV promoter v2

ATCGOTTAGA ARAGATGAGA TTGTTCTACT TEGACRAARG AGAGATCACA GTCAGARCTG
SCBY promoter w2

ACRGTAGTSC ARATCGAAAGEG TTCTACAACA AGAGTGUTGA ACACAALRCCT TLTGAGATCA
SCBY promoter ve

GATEGATCAG GTTCATGGAC TACATCACTGC GTGECAGGACC AGAGATAGTC ATTGAACACA
SCBV promoter v2

TABBAGEGRAA GCAGCRATGET TTAGCTGACA TCTTGTICCAGC GUTCAAAGCC AAATTAGLITC
3CBV promoter w2

AGRATGAACT AACGEARAGAG ATGATCCTLC TTACACAAGT CATAAGGLARA GTRATTCCIT
3CBYV promoter w2

ATCCAGATCR TCCATACACT GAGUAACTCR GRAGARATGGGGE ARARCAARATT CTGLATCCAT
8CBY promoter vl

TCCCCACRTT CARAGAAGGAC ATGTTCGARAR GAACAGAGUIE AGCTTTTATG CTAACRAGAGG
SCBV promoter v2

ARARCCAGTPCT ACTCTGTGCA TECAGGAAGC CTGLAATTCA GTTAGTETCC AGRACATCTG
SCBV promoeter v

CCRRACCCAGE RAGGRAATTC TTCRAGTGCG CARATGRACAA ATGCCATTGE. TGLGTACTGRG
SCBY promoter w2

CARCATCTCAT TGEAARGAACAC ATTCRAGACA GRATTGATEA ATTTCECAAGC AATCTTGAAG
SCBYV promoter vZ

TTCTGEAAGAD CGGTGEIGTG CARBACAATGEG AGLRAGEAACT TATGCAAGGAR GTCAUCRAGT
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4481 TGRARGCATAGA AGAGUAGGAS TTLGRGGART ACLAGECCAL ACCARGGGLT ATGTCGCCAL
SCBV promoter w2
5041 TAGUCGCAGA AGATGTGOTA GATCOTOCARG ACLCTAAGCAR TCACGATTGA GGAGGCATIC
SCBV promoier vI
5101 ACOTCACGRA TGACCGCAGT GGAGAGTACT GGGCCCATTC ABTGGATGLT CCACUTGAGIT
SCBV promoter v2
5361 GTATTATTGET GTGCTTTTOC GACAAGTGTG CTGTCCACTT TCTTTITCGCA CCTGTGCCAC
SCBV promoter v2
5221 TPTATTOOTT GTOPGOCACE ATGCCTTPLC TTAGCTTGTA AGCAAGGATC GUAGTGUIGTG
SCEV promoter w2
5281 TCTGACACCR CCCCDOTTIC GACGCTCEGC CTATATAAGGE CACCGTCTET AAGCTCTTAC
SCBV promotsr v2
5341 GATCATCEGT AGTTCACCAA GECLCGGEGT COGATCTAGL TGAARGGUTCG ACARGGCAGCT
5401 CORCGOAGGA SOTGATATTT GOTGGACAAG CTGTGGATALG GAGCAACCCT APCOCTARATA
S46l TACCAGCACT ACCRAGTCAG GGECAATCCLC AGATCACCOL AGCAGATTLC RAGRAGGTAC
5521 AGTACACACE CATCTATATA TGTATGATGT ATCCCTTUGA TCGAAGGCAT GUCTTGLGTAT
5581 ARTCACTGRGEG TASTCATTTT ATTACTTTGT TTTGACAALT CAGTAGTTCA TCCATTTLTIC
Se41 CCATTTTTTC AGCUTTGGARS TTTGGTTGCR CTGGLCTTGCE TUTARTAACT GAGTAGTCAT
5701 TTTATTACGT TETTTCOGACE AGTUAGTAGC TCATCCATCOT GTCOCATTTT TTCAGLUTALG
5761 EAGTTTOSETT GOACTEECCT TEGACTARTA ACTEATTAGT CATTTTATTA CATTGTTICG
5821 BCBACTCAGT AGCTCATCCA TOTETLCCAT TPTTCAGUTA GLRAAGTTUGC GGCUGCATAC
8v& (noc stop}
5881 CECACCATGT COGUUCGCGA GOTGIACATC GACGTGAACA ACARGACCGS CCACACCUOTC
8v& {no stop)
5841 CAGOTGCAGE ACRAGRCCAR GUTCGACGGC GGCAGGTGEGEC GLACCTCCOCC GACCAACGTS
8vé& {no stop)
5001 GCCRACGACC AGATCAAGAC CTTCGTGGCU SAATCCRACG GUTTCATGAL CGGCACCLHAG
876 {no stop}
&6l GOOACCATCT ACTACTOCAT CARCGGUGAG GCUGAGATCE GCOTCTACTT CGACAACCCE
8ve {no stop)
2121 TPORCCGECT CCAACARRTA CGACGECCAC PTOCAARCAAGT CUCAGTACGA GATCATCACC
gve {no stop)
6181 CAGGGCRGECT CoGECRAACCA GTCCCACETG ACCTACACCA TCCAGACCAC CTRLCOTCLCGT

Ve {no stop)
cZ241 TRCGGUCACA AGTCCGAGGE

CAGAGGRAGT CTTITRACAT GUGETGACGT GGAGGAGAAT

FIG. 27E
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Cry35abl v

6301 COCGROCCTA TGOTCGACAC CARCAAGGTG TACGAGATCA GCAACCACGCT CARIGECCTC
Cry358bl b

6361 TACGCUGCCA COTACOTOTE COTCGACGAC TCOGGCGTGET COCTCATGAR CAAGRACEAC
Cry35abhl v5

&421 GACGACATCG ACGCACTACAR CUOTCARGTGE TTCCTCTTCC CGATCGACGKA UGACCAGTAC
Cry35apb1 wh

5481 ATCATCACOT COTACGOCGC CRACAACTGC RAGCTGETGGA ACGTGRACAR CGACAAGATC
Cry35ab1 v5

£541 BACGTGTCCA COTACTCCTC CACCAACTOC ATCCAGAAGT GGUAGATCAR GGUCAACLGGC
Cry352bi vh

6601 TCOPCOTACG TGATCCAGTC CGACRACGHEC ARGLTGCTCA CCGUCGGCAC CGHECCAGECT
Cry35abl vh

661 CTCGECOTCA POCOGCOTCALD CGAUGAGTOC TCCARCAARCT CGARACCAGCRE GTGEARACCTGS
Cry35abt vi

&721 AOSTCOGTES AGACCATCCAR GUPCCCGCAG ARAGCOCGATCA TCGACALCAR GUTCAAGGAC
Cry35ak1 vs

8781 TECCOCGAAGT ACTCOCCGAC CGGUAACATC ZACARCGGUA COTUCCCGCAE GOTCATGLGC
Cry35abl v5

841 TEEACCOTOE TGCOGTECAT CATGGTERAALC GACCCGRAACA TCGAUAAGAZR (CACCCRGATC
Cry35aki vi

%01 ARGRACOECCC CETACTACAT CCTCAAGAAL TACCARGTACT GGCAGAGLGT CGTGGHUTCC
Cry35abl vh

£9871 ABROGTCOCGE TOCGOCORCA CGAGRAGAAS TCCTACACCT ACGAGTGGGES CACCGAGATC
Cry35abl ¥E

Fo21 CACCAGRAGE CCACCATCAT CARACACCUTC GGUTTCCAGA TCRAACATCGA CAGCGEGUATG
Cry35akl v5

FOBL ARCTTCGACA TCCCGGAGGT GRGUGECGGT ACCGACGAGA TCAAGACCCA GUTUAACGAG
Lry35abl vo

7141 CAGCTCARGE TCGASTACTC CCACGAGACG AAGAPCATGG AGARAGTACCA GGAGLAGTCC
Cry35akl +5

F201 CARGATCGACA ACCUGACCGA CCAGTCCATG ARACTCCATCG GCTITCCTCAC CATCACCTIC
Cry35ahl vE

Fzel CTGEAGCTOT ACCGCUTACAR CEGLTCCGAG ATCCGCATCA TGCAGATCCA GACCTOCGAC

FIG. 27F
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7321

7441

7561

7681
7741
7801

7861

RG41

Bi€l

gz21

Cry35abl w5

AACGEACACCT ACAACGTGAL CTCCTRCCCG BACCACCAGC AGGULCTIGLT LTGAGTAGTT

8tPpinlI 37 UTR v2

ACOTTALTCR COTASARACCT AGACTPTTETCC ATCTTOTGGA TTGECCAACT TAATTAATET
SePinII 3' UTR vZ

ATREAATAAR ACGATGCACA CATAGTCACE TGCTARTCAC TATAATETEG GCATCARAGT
SLPinII 3' UTR vZ

TCTCTOTTAT GTGTAATTAC TAGTTATCTE AATAARAGAL AARGAGATCA TCCATATTIC
StPinII 3° UTR vE

TPRTCOTRAALE TRAATGTCEL GTGTUTTTAT AATTOTTTGA TGAACCAGAT GUCATTTCATT
StPinII 3°' UTR vi

ARCCRABRTCC ATATACATAT AZRTATTAAT CATATATAAT TAATATCARAT TGGGITAGCA

StPinIii 3' UTR w2

ARBCADLATOT AGCTCTACGTE TGTTTTGCTC TAGTGOTAGC CTCGRGETCG ACTUTGATCA

TRGATECTAC GTCACGECAG TACAGGACTA TCATCTTGAR AGTCGATTGL GUATCGAARC

COAGOTTTCT TLTACAAAGT GOTTECGSGCOC GCTTAATTAZ ATTTRAATGT TTGGGEATCC

ZmUbil promoter w2

TOTACAGTCE ACCTGCAGTS CAGCGTGACC CGGETCGTELC COTCTCTAGA GATAATGAGC
ZmiUbil promoter v

ATTGCATETS TALGTTATAA ARAATTACCAZ CATATTPTTT TTGTCACACT TCTTTGARGT
ZmUkil promoter wi

CORCTTTATS TATOTTTATA CATATATTTA AARCTTTACTC TACGAATAAT ATAATCTATA
ZmUbil promoter v

STACTLACAAT RATATCAGTSE TTPTAGAGARA TCATATRAAT GARUACTTAG ACATGGCTCTA
ZmUbil promoter v2

AAGGACRATT GAGTATTTTS ACAACAGGAC TCTACAGTTT TATCITTITTIA GIGTGCATGT
ZmUbil promotsr vZ

STTCTCOTTT TTTTTIGCAR ATAGCTTCALC CTATATAATA CTTCATCCAT TTTATTAGTA
ZmUkil promoter viI

CATCCATTTA GERTTTAGGE TTAATEGTTT TTATAGACTA ATTTTTTITAG TACATUTATT
ZmUbil promoter w2

TTATTCTATT TTAGCCTCTA AATTARGARR ACTAARRACTC TATTTITAGTT TTTTTATITA
ZmUbkil promoter vl

TACTTTACSE TATARARATAC AATAARATAZ AGCTGACTAARA AATTAAACAR ATACCCTTTA

FIG. 27G
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ZmUbil promotser wi

8401 ACAAATTARZ RARACTAAGSE ABACATTPTT CTTCTTTOGA GTAGATARTG CCAGCLTGTT
Zmifkil promoter w2

8461 ARACCOCETY GACGAGTOTA ACGGACACCE ACCAGLGARC CAGCAGCETLC GUETULGECT
Zmlibil promoter w2

8521 BAGOGARGCAE GROGGCACGS CATCTCTGTC GUITGCLTCTE CGACCLCTCTC GRAGAGTICCGE
ZmUbil promotesr v2

8581 CTCCACCGTT GGACTTGCTD COUTCTCRGC ATCCAGARAART TGLGTGGLGE AGUGGCAGAC
ZmUlkil promoter w2

8641 CTRAGCCGED ACGGLAGLCSE GOCTCLTIRCT CUTCPCACGE CACCGGCAGC TACLGGGGGAT
ZmUbil promoter v2

701 TOOTPTOCCA COBCTCOTTE GOTTTCCOT? COTCGOCOGC CETAATARAT AGARCACCCCC
Zmbil promoter v2

3761 POCACROCCT CPTTTCOCCCAR UUTCGTGTTE TTCSCGAGCEC ACACACACAC RACCAGRTCT
ZmUbil promoter v2

8821 COCOCARRATC CACCCOGTCOGE CADCTCCGCT TCAAGGTACG COBCTCGTCC TCCOCCCLCCC
ZmUkil promotsr vZ2

g881 COCOTOTOTC TACCTTOTCT AGATCEGSCET TCUOGGTCUAT GUATGGTTAG LGUICCGETAG
ZmUhil promoter vZ

o954l TTOTACTTOT GTTCATGTTT GTCTFTAGATC CCTGTTTGETG TTAGATCCGT GUTGCTAGCG
ZmUkil promorer v2

3001 TTOETACALS GATCCGACOT GTACGTCAGA CACGTTCTGR TIGCTRACTT GCCAGTGTTE
ZwUkil promoter v2

S06l1 CTCTTTCOGE AATCOTGOGA TOECTUTAGC CGTTCCGLASG ACGGGATCGA TTTCATGATT
ZmUbil promoter w2

s e P P o o P Pa P Tt Pt R g P Pt T s P A Pt e P T P s R P P N . i o e i T s Sy Rk P o B P o Py o P e R P P P B T P P P s S O T P R

%3121 TTTPPTTGTTT COTTGCATAG GGTTTCGTTT GCCOTTTTOC TTTATTTCAR TATATGOCGT
ZmUbil promoter w2

I i P g e e P P P s g S P S PR o B e g P i e o s O e T P e s e By P ot 0 O i M o oy o W P g g T o T O N o T T TNt P 0 S T

83131 GUACTTGTTT GTCGGHTCAT CTTPTTCATEC TPTTTTPIGT CTTGETTGTE ATGATGTIGHET
ZmUbil promoter vi

G241 CTCOTTGEGC GETCGTTCTA GRTCGGAGCTA GARTTOCTGTT TCARARACTACC TGGTGHGATTT
ZmUbil promoter w2

vt P Tt i s P it i P i o s s P P T gy T g e s T o P S T T T o P P P P g T P Pt S P g . o M N g e o g Tr P s e T P T P P e o I S e

5301 ATTRATTTTEC GATCTGTATS TETLTGUCAT ACATATTCAT AGTTACGRRT TGEAAGRATIGAT
ZmUbil promoter v2

S e e g s P s ot P o T e G N M Ne P P e g N T G N TN T N P g Ty P T N P e N e e N e o S o T iy o N P S s 2 e N ot N T e

5361 COATGREARRT ATCOGATCTAS GATAGGTATZ CATGTTGATE CGGGTTTTAL THATGCATAT

FIG. 27H
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9421

9481

9e01

97zl

&501

10141

b

]
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foeb

10261

19381

ZmUbil promoter w2
ACEBGCAGARTEC TTTTTCTTIUG CTPGETTCTG ATGATGTGGT GTGGTTGGGL GGTUGTTCAT
Zmiibil promoter v2
TCOTPTOTAGA TCSGAGTAGA ATACTGTTTC BAARCTACCTG GTGTATTTAT TAATTTTGGA
ZnUkil promoter vZ2
ACTGTATGTGE TETGTCATAC ATCTTCATAG TTACGAGTTT AAGATGGATE GRARTATCGA
Zrnibil promoter w2
TCUTAGGATAG GTATACATGT TGATGTGGGT TTTACTGATE CATATACATE ATGECATATG
Zmkil promoter vZ
CAGCATOTAT TCATATGCTC TAACCTTGALG TACCTATCOTA TTATAATARR CAAGTATGTT
ZmUbil promoter w2
PTATAATTAT TTCGATCOTTG ATATACTTGE ATGARTGGCAT ATECAGCAGT TATATGTGGA
ZmUbil promoter v2
TTTPTTTTAGST CCTECOTTCE TACGUTATTT ATTTGUTTES TACTGTTTCT TTTGTCGATG
ZmUbil promoter w2 PAT v9
CTCACCOCTGET TETTTEGTGT TACTTUTGCA GGGTACAGTA GTTAGTTEAC ACGACACCAT
PAT w9
GTOTCOGRAS AGGABACCAS TTGAGATTAG GCUCAGUTACE GLAGUTGATE TGHLCGLGET
DAT w9
TTHPEATATC GTTARCCATT ACATTGARAL GTCTACAGTG ABCTTTAGGR CARARGCCACAE
PAT w5
BEOARCCACEE GAGTGGATTE ATGATUTAGA GAGGTIGUAR GATAGATACT CTTGCTIGET
PAT w5
TEOTGAGGTT GAGGETGTTS TEGUTGGTAT TGLTTACGUT GGGCCOTGGA AGGCTAGGEAAR
PAT 79
COCTTACGAT TEGACARGTTS ACAGTACTST TTACGTGTCA CATAGGCATC ARAGGTTGGHE
PAT w9
COTAGGATCC ACATTOETLOA CACATTTGCT TABGTCTATE GAGGUGLAAG GTTTTAAGTC
PAT ¥5
TETEGTTECT GTTATAGGCC TTCUARAACGE TCCATCTGTT AGGTTGLATS AGGCTTITGGE
PAT w5
ATACACACCC COTECTACAT THLOGUGCAGC TGGATACAAG CATGHETGEGART GGUATGHATGT
PAT w9

o Pt s s s P N P T Pz P Pha o P P P Py P s o Tt o F T kit Tt T g TN ot XA VA N T Tk Tt N P N Ot T O R T T P 0 o e iy P T P R P g T o s P

TGETTTTTES CARAGGGATT TIGAGSTTGRC AGCTCCTICCR AGGCCAGTTA GGUCAGTTAC

FIG. 27]



U.S. Patent Sep. 27, 2016 Sheet 40 of 91 US 9,453,235 B2

bl

ZmLip 3' UTR vl

B

BAT v3

T

10447 CCRCATCTGR CTCAGOTTEA GOTTATGAGC TTATGAGCTT AGAGCTLGGT LGLAGCLGTGT
Zmiip 3 UTR wi

10501 GOGTETCCET COTACGTTCOT GGICGHCCGE GCUTTHGGCE CGCGATCAGA AGLGTTGOGT
ZmLip 3' UTR wi

108e1 TEECGTGTET GTGCTTOTGE TTTGCTTTAR TTTTACCAAG TTTGTITTCAA GGTGGATIGC
ZmLip 3' UTR vl

15621 FTGGTCRAGE COOCTGTGOT TTABACGRCCC ACCGECACTS GUAGTGAGTS TTEITGITTG
ZImLip 3' UTR vl

10831 TETAGGOTTT GOTALGTATC GGCTPTATTT GUTTCTGGAT GTTETGTACT ACTTGGGTTY
ZmLip 3' UTR v1

10741 CTTGAATTAT TATGCAGCAGT TGLGTATTET ARTTCAGUTE GGLTACLTEG ACATTGTIAT

ZmLip 3' UTR vl

133801 CTATTAATAEL ATGCTTPECT TTCTTCOTARA GATCTITAARG TGUTTCTAGA GCATHLACAT

14861 ACACACACAC ATCATCPTCAT TGATGCTTGG TAATAARTTGT CATTAGATIGC TTTTTATECA

18%21 TAGATGUALT CGARRATCAGC CAATTTTAGA CAAGTATCAAR ACGGATGTGA {TTUAGTACA

16381 TTAARRAACGST COGCAATETS TTATTAAGTT CTCTAAGCSEST CRATTTGATT TACAARTIGAR

11041 TATATOOTRC COUAGCCAGT CALCAGCTCOG ATTTACARATT GRATATATCC TGCIGGLLGE

113191 COCACGOGTE TCGAGGRATT CTGATCTGGC CUCCATTTCS AUGTGRATGT AGACTACGEICE

i1i&l ALRATRAAGAT TTCCGAATTA GRATAATTTC TTTATTGLTT TCGLCTATAR ATACGACGGA

11221 TCOTALRTTTE TOGTTTTATS AARRARTGTACT TTCATTTTAT AATAACGCCIRE CGGACATCTA

1128l CATTTTTGRL TPTGARAARAR ATTECTRATTY AUTCTTTCTT TTTCLTCCATA TTGACCATCA

11341 TACTCATTOC THATOCATET AGARTTTOCCSG GCACATGAAGC CATTTACAAT TGRATATATC

11401 CTECCG

FIG. 27J
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SEQ ID NO: 51: yellow fluorescent protein from Phialidium sp. SL-2003 (PhiYFP; 234 a.a.;
GenBank: AAR85349.1):

MSSGALLFHG KIPYVVEMEG NVDGHTFSIR GKGYGDASVG KVDAQFICTT
GDVPVPWSTL VITLTYGAQC FAKYGPELKD FYKSCMPEGY VQERTITFEG
DGVFKTRAEV TFENGSVYNR VKLNGQGFKK DGHVLGKNLE FNFTPHCLY]I
WGDQANHGLK SAFKIMHEIT GSKEDFIVAD HTQMNTPIGG GPVHVPEYHH
ITYHVTLSKD VIDHRDNMSL VETVRAVDCR KTYL

SEQ ID NO: 52: PhiYFPv3; 234 a.a.

MSSGALLFHG KIPYVVEMEG NVDGHTFSIR GKGYGDASVG KVDAQFICTT
GDVPVPWSTL VITLTYGAQC FAKYGPELKD FYKSCMPDGY VQERTITFEG
DGNFKTRAEV TFENGSVYNR VKLNGQGFKK DGHVLGKNLE FNFTPHCLY]I
WGDQANHGILK SAFKICHEIT GSKGDFIVAD HTOMNTPIGG GPVHVPEYHH
MSYHVKLSKD VIDHRDNMSL KETVRAVDCR KTYL

FIG. 29
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METHOD AND CONSTRUCT FOR
SYNTHETIC BIDIRECTIONAL SCBV PLANT
PROMOTER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C. §119 to
U.S. Provisional Patent Application Ser. No. 61/582,148
filed Dec. 30, 2011, which application is hereby incorpo-
rated by reference in its entirety. This application also claims
priority to U.S. Provisional Patent Application Ser. No.
61/641,956 filed May 3, 2012, which application is hereby
incorporated by reference in its entirety.

TECHNICAL FIELD

This invention is generally related to the field of plant
molecular biology, and more specifically the field of stable
expression of multiple genes in transgenic plants.

BACKGROUND

Many plant species are capable of being transformed with
transgenes from other species to introduce agronomically
desirable traits or characteristics, for example, improving
nutritional value quality, increasing yield, conferring pest or
disease resistance, increasing drought and stress tolerance,
improving horticultural qualities (such as pigmentation and
growth), imparting herbicide resistance, enabling the pro-
duction of industrially useful compounds and/or materials
from the plant, and/or enabling the production of pharma-
ceuticals. The introduction of transgenes into plant cells and
the subsequent recovery of fertile transgenic plants that
contain a stably integrated copy of the transgene can be used
to produce transgenic plants that possess the desirable traits.

Control and regulation of gene expression can occur
through numerous mechanisms. Transcription initiation of a
gene is a predominant controlling mechanism of gene
expression. Initiation of transcription is generally controlled
by polynucleotide sequences located in the 5'-flanking or
upstream region of the transcribed gene. These sequences
are collectively referred to as promoters. Promoters gener-
ally contain signals for RNA polymerase to begin transcrip-
tion so that messenger RNA (mRNA) can be produced.
Mature mRNA is translated by ribosome, thereby synthe-
sizing proteins. DNA-binding proteins interact specifically
with promoter DNA sequences to promote the formation of
a transcriptional complex and initiate the gene expression
process. There are a variety of eukaryotic promoters isolated
and characterized from plants that are functional for driving
the expression of a transgene in plants. Promoters that affect
gene expression in response to environmental stimuli, nutri-
ent availability, or adverse conditions including heat shock,
anaerobiosis, or the presence of heavy metals have been
isolated and characterized. There are also promoters that
control gene expression during development or in a tissue,
or organ specific fashion. In addition, prokaryotic promoters
isolated from bacteria and virus have been isolated and
characterized that are functional for driving the expression
of a transgene in plants.

A typical eukaryotic promoter consists of a minimal
promoter and other cis-elements. The minimal promoter is
essentially a TATA box region where RNA polymerase 11
(polll), TATA-binding protein (TBP), and TBP-associated
factors (TAFs) may bind to initiate transcription. However in
most instances, sequence elements other than the TATA
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motif are required for accurate transcription. Such sequence
elements (e.g., enhancers) have been found to elevate the
overall level of expression of the nearby genes, often in a
position- and/or orientation-independent manner. Other
sequences near the transcription start site (e.g., INR
sequences) of some polll genes may provide an alternate
binding site for factors that also contribute to transcriptional
activation, even alternatively providing the core promoter
binding sites for transcription in promoters that lack func-
tional TATA elements. See e.g., Zenzie-Gregory et al. (1992)
J. Biol. Chem. 267: 2823-30.

Other gene regulatory elements include sequences that
interact with specific DNA-binding factors. These sequence
motifs are sometimes referred to as cis-elements, and are
usually position- and orientation-dependent, though they
may be found 5' or 3' to a gene’s coding sequence, or in an
intron. Such cis-elements, to which tissue-specific or devel-
opment-specific transcription factors bind, individually or in
combination, may determine the spatiotemporal expression
pattern of a promoter at the transcriptional level. The
arrangement of upstream cis-elements, followed by a mini-
mal promoter, typically establishes the polarity of a particu-
lar promoter. Promoters in plants that have been cloned and
widely used for both basic research and biotechnological
application are generally unidirectional, directing only one
gene that has been fused at its 3' end (i.e., downstream). See,
for example, Xie et al. (2001) Nat. Biotechnol. 19(7):677-9;
U.S. Pat. No. 6,388,170.

Many cis-elements (or “upstream regulatory sequences”)
have been identified in plant promoters. These cis-elements
vary widely in the type of control they exert on operably
linked genes. Some elements act to increase the transcription
of operably linked genes in response to environmental
responses (e.g., temperature, moisture, and wounding).
Other cis-elements may respond to developmental cues
(e.g., germination, seed maturation, and flowering) or to
spatial information (e.g., tissue specificity). See, for
example, Langridge et al. (1989) Proc. Natl. Acad. Sci. USA
86:3219-23. The type of control of specific promoter ele-
ments is typically an intrinsic quality of the promoter; i.e.,
a heterologous gene under the control of such a promoter is
likely to be expressed according to the control of the native
gene from which the promoter element was isolated. These
elements also typically may be exchanged with other ele-
ments and maintain their characteristic intrinsic control over
gene expression.

It is often necessary to introduce multiple genes into
plants for metabolic engineering and trait stacking, which
genes are frequently controlled by identical or homologous
promoters. However, homology-based gene silencing
(HBGS) is likely to arise when multiple introduced trans-
genes have homologous promoters driving them. See, e.g.,
Mol et al. (1989) Plant Mol. Biol. 13:287-94. HBGS has
been reported to occur extensively in transgenic plants. See,
e.g., Vaucheret and Fagard (2001) Trends Genet. 17:29-35.
Several mechanisms have been suggested to explain the
phenomena of HBGS, all of which include the feature that
sequence homology in the promoter triggers cellular recog-
nition mechanisms that result in silencing of the repeated
genes. See, e.g., Matzke and Matzke (1995) Plant Physiol.
107:679-85; Meyer and Saedler (1996) Ann. Rev. Plant
Physiol. Plant Mol. Biol. 47:23-48; Fire (1999) Trends
Genet. 15:358-63; Hamilton and Baulcombe (1999) Science
286:950-2; and Steimer et al. (2000) Plant Cell 12:1165-78.

Strategies to avoid HBGS in transgenic plants frequently
involve the development of synthetic promoters that are
functionally equivalent but have minimal sequence homol-
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ogy. When such synthetic promoters are used for expressing
transgenes in crop plants, they may aid in avoiding or
reducing HBGS. See, e.g., Mourrain et al. (2007) Planta
225(2):365-79; Bhullar et al. (2003) Plant Physiol. 132:988-
98. Such promoters can be generated by introducing known
cis-elements in a novel or synthetic stretch of DNA, or
alternatively by “domain swapping,” wherein domains of
one promoter are replaced with functionally equivalent
domains from other heterologous promoters.

Thus, there remains a need for constructs and methods for
stable expression of multiple transgenes effectively with
minimum risk for recombination or loss of transgenes
through breeding or multiple generations in transgenic
plants.

DISCLOSURE

Described herein are particular synthetic promoters com-
prising a Ubil minimal promoter. In embodiments, a syn-
thetic promoter comprising a Ubil minimal promoter further
comprises at least one sequence element of a SCBV pro-
moter or functional equivalent thereof. In some examples,
such a synthetic promoter (a “synthetic SCBV promoter™)
can be a promoter that is able to control transcription of an
operably linked nucleotide sequence in a plant cell. In other
examples, a synthetic SCBV promoter may be a synthetic
bidirectional SCBV promoter, for example, a nucleic acid
comprising a minimal Ubil promoter element nucleotide
sequences oriented in the opposite direction with respect to
the SCBV promoter elements that is able to control tran-
scription in a plant cell of two operably linked nucleotide
sequences that flank the promoter. Additional elements that
may be engineered to be included in a synthetic SCBV
bidirectional promoter include introns (e.g., an alcohol
dehydrogenase (ADH) intron), exons, and/or all or part of an
upstream promoter region. In certain examples, a synthetic
bidirectional promoter may comprise more than one of any
of the foregoing.

Particular embodiments of the invention include cells
(e.g., plant cells) comprising a synthetic SCBV promoter or
functional equivalent thereof. For example, specific embodi-
ments may include a cell comprising a synthetic bidirec-
tional SCBV promoter or functional equivalent thereof.
Plant cells according to particular embodiments may be
present in a cell culture, a tissue, a plant part, and/or a whole
plant. Thus, a plant (e.g., a monocot or dicot) comprising a
cell having a synthetic SCBV promoter or functional equiva-
lent thereof are included in some embodiments.

Other embodiments of the invention include a means for
initiating transcription of two operably linked nucleotide
sequences of interest. Means for initiating transcription of
two operably linked nucleotide sequences of interest include
the synthetic bidirectional SCBV promoter of SEQ ID NO:
5.

Also provided are constructs and methods for expressing
multiple genes in plant cells and/or plant tissues. The
constructs provided comprise at least one bidirectional pro-
moter linked to multiple gene expression cassettes, wherein
the bidirectional promoter comprises a functional promoter
nucleotide sequence from Sugar Cane Bacilliform Virus
(SCBV) promoter. In some embodiments, the constructs and
methods provided employs a bidirectional promoter based
on a minimal core promoter element from a Zea mays
Ubiquitin-1 gene, or a functional equivalent thereof, and
nucleotide sequence elements from a Sugar Cane Bacilli-
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form Virus promoter. In some embodiments, the constructs
and methods provided allow expression of genes between
three and twenty.

In one aspect, provided is a synthetic polynucleotide
comprising a minimal core promoter element from an Ubig-
uitin-1 gene of Zea mays or Zea luxurians and a functional
promoter nucleotide sequence from a Sugar Cane Bacilli-
form Virus promoter. In one embodiment, the minimal core
promoter element comprises a polynucleotide sequence that
is at least 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100%
identical to SEQ ID NO: 1 or its complement. In a further
or alternative embodiment, the minimal core promoter ele-
ment comprises a polynucleotide sequence selected from the
group consisting of SEQ ID NOs: 1 and 16-40. In a further
embodiment, the minimal core promoter element comprises
SEQ ID NO: 1 or its complement. In a further embodiment,
the minimal core promoter element consists essentially of
SEQ ID NO: 1 or its complement. In another embodiment,
the synthetic polynucleotide provided further comprises an
exon from an Ubiquitin-1 gene and an intron from an
Ubiquitin-1 gene. In a further embodiment, the exon is from
an Ubiquitin-1 gene of Zea mays or Zea luxurians. In
another embodiment, the synthetic polynucleotide provided
further comprises an intron from an alcohol dehydrogenase
gene. In another embodiment, the synthetic polynucleotide
provided further comprises an upstream regulatory sequence
from the Sugar Cane Bacilliform Virus promoter. In another
embodiment, the functional promoter nucleotide sequence
from a Sugar Cane Bacilliform Virus promoter and the
alcohol dehydrogenase gene a polynucleotide sequence that
is at least 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100%
identical to SEQ ID NO: 6 or its complement. In a further
or alternative embodiment, the functional promoter nucleo-
tide sequence from a Sugar Cane Bacilliform Virus promoter
and the alcohol dehydrogenase gene comprises SEQ ID NO:
6 its complement. In a further embodiment, the functional
promoter nucleotide sequence from a Sugar Cane Bacilli-
form Virus promoter and the alcohol dehydrogenase gene
consists essentially of SEQ ID NO: 6 or its complement.

In one embodiment, the synthetic polynucleotide pro-
vided further comprises at least one element selected from a
list comprising an upstream regulatory sequence (URS), an
enhancer element, an exon, an intron, a transcription start
site, a TATA box, a heat shock consensus element, and a
translation START and/or STOP nucleotide sequence. In
another embodiment, the synthetic polynucleotide provided
further comprises an element selected from the group con-
sisting of an upstream regulatory sequence (URS), an
enhancer element, an exon, an intron, a transcription start
site, a TATA box, a heat shock consensus element, a trans-
lation START and/or STOP nucleotide sequence, and com-
binations thereof. In another embodiment, the synthetic
polynucleotide provided further comprises a nucleotide
sequence of interest operably linked to the minimal core
promoter element. In another embodiment, the minimal core
promoter element from a Zea mays Ubiquitin-1 gene and the
functional promoter nucleotide sequence from a Sugar Cane
Bacilliform Virus promoter are in reverse complimentary
orientation with respect to each other in the polynucleotide.

In another embodiment, the synthetic polynucleotide pro-
vided comprises an exon from an Ubiquitin-1 gene, an intron
from an Ubiquitin-1 gene, and an intron from an alcohol
dehydrogenase gene. In a further or alternative embodiment,
the synthetic polynucleotide provided comprises a second
coding nucleotide sequence of interest operably linked to the
functional promoter nucleotide sequence from a Sugar Cane
Bacilliform Virus promoter. In a further embodiment, the
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synthetic polynucleotide provided comprises a polynucle-
otide sequence that is at least 65%, 70%, 75%, 80%, 85%,
90%, 95%, or 100% identical to SEQ ID NO: 5 or its
complement. In a further embodiment, the synthetic poly-
nucleotide provided comprises SEQ ID NO: 5 or its comple-
ment. In a further embodiment, the synthetic polynucleotide
provided consists essentially of SEQ ID NO: 5 or its
complement. In a further embodiment, the exon or intron is
from an Ubiquitin-1 gene of Zea mays or Zea luxurians.

In a further embodiment, the synthetic polynucleotide
provided comprises a first coding nucleotide sequence of
interest operably linked to the minimal core promoter ele-
ment from a Zea mays Ubiquitin-1 gene. In another further
embodiment, the synthetic polynucleotide provided com-
prises a second coding nucleotide sequence of interest
operably linked to the functional promoter nucleotide
sequence from a Sugar Cane Bacilliform Virus promoter.

In another aspect, provided is a method for producing a
transgenic cell, the method comprising transforming the cell
with the polynucleotide provided herein. In one embodi-
ment, the cell is a plant cell. In another aspect, provided is
a plant cell comprising the polynucleotide provided herein.
In another aspect, provided is a plant comprising the plant
cell provided herein.

In another aspect, provided is a method for expressing a
nucleotide sequence of interest in a plant cell, the method
comprising introducing into the plant cell the nucleotide
sequence of interest operably linked to a means for initiating
transcription of two operably linked nucleotide sequences of
interest. In one embodiment, the method provided comprises
introducing into the plant cell a nucleic acid comprising (a)
the nucleotide sequence of interest operably linked to the
means for initiating transcription of two operably linked
nucleotide sequences of interest; and (b) a second nucleotide
sequence of interest operably linked to the means for initi-
ating transcription of two operably linked nucleotide
sequences of interest.

In one embodiment, the means for initiating transcription
of two operably linked nucleotide sequences of interest
comprises SEQ ID NO: 5 or its complement. In another
embodiment, the means for initiating transcription of two
operably linked nucleotide sequences of interest comprises
SEQ ID NO: 5. In another embodiment, the means for
initiating transcription of two operably linked nucleotide
sequences of interest comprises the reverse complement of
SEQ ID NO: 5. In another embodiment, the nucleic acid is
introduced into the plant cell so as to target to a predeter-
mined site in the DNA of the plant cell the nucleotide
sequence of interest operably linked to the means for initi-
ating transcription of two operably linked nucleotide
sequences of interest. In a further or alternative embodiment,
the nucleotide sequence of interest operably linked to the
means for initiating transcription of two operably linked
nucleotide sequences of interest is targeted to the predeter-
mined site utilizing Zinc finger nuclease-mediated recom-
bination.

In some embodiments, the exon is from an Ubiquitin-1
gene of a Zea spp. In some embodiments, the intron is from
an Ubiquitin-1 gene of a Zea spp. In some embodiments, the
Zea spp. 1s Zea mays or Zea luxurians.

In another aspect, provided is a nucleic acid construct for
expressing multiple genes in plant cells and/or tissues. The
nucleic acid construct comprises (a) a bidirectional pro-
moter, wherein the bidirectional promoter comprises a func-
tional promoter nucleotide sequence from Sugar Cane Bacil-
liform Virus (SCBV) promoter; and (b) two gene expression
cassettes on opposite ends of the bidirectional promoter;
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wherein at least one of the gene expression cassettes com-
prises two or more genes linked via a translation switch.

In one embodiment, the bidirectional promoter comprises
at least one enhancer. In another embodiment, the bidirec-
tional promoter does not comprise an enhancer. In another
embodiment, the nucleic acid construct comprises a binary
vector for Agrobacterium-mediated transformation. In one
embodiment, the bidirectional promoter comprises an ele-
ment selected from the group consisting of an upstream
regulatory sequence (URS), an enhancer element, an exon,
an intron, a transcription start site, a TATA box, a heat shock
consensus element, and combinations thereof. In another
embodiment, the bidirectional promoter comprises a mini-
mal core promoter element from an Ubiquitin-1 gene of Zea
mays or Zea luxurians. In another embodiment, the core
promoter element from an Ubiquitin-1 gene and the pro-
moter nucleotide sequence from Sugar Cane Bacilliform
Virus (SCBV) promoter are in reverse complimentary ori-
entation with respect to each other. In a further or alternative
embodiment, the minimal core promoter element comprises
a polynucleotide sequence at least 65%, 70%, 75%, 80%,
85%, 90%, 95%, or 100% identical to SEQ ID NO: 1 or its
complement. In a further or alternative embodiment, the
minimal core promoter element comprises a polynucleotide
sequence selected from the group consisting of SEQ ID
NOs: 1 and 16-40. In a further embodiment, the minimal
core promoter element comprises a polynucleotide sequence
selected from the group consisting of SEQ ID NOs: 1 and
16-35. In a further embodiment, the minimal core promoter
element comprises a polynucleotide sequence selected from
the group consisting of SEQ ID NOs: 1 and 16-30. In a
further embodiment, the minimal core promoter element
comprises a polynucleotide sequence selected from the
group consisting of SEQ ID NOs: 1 and 16-25. In a further
embodiment, the minimal core promoter element comprises
a polynucleotide sequence selected from the group consist-
ing of SEQ ID NOs: 1 and 16-20. In a further embodiment,
the minimal core promoter element comprises a polynucle-
otide sequence of SEQ ID NO: 1.

In a further or alternative embodiment, the bidirectional
promoter comprises an exon from an Ubiquitin-1 gene
and/or an intron from an Ubiquitin gene. In another embodi-
ment, the bidirectional promoter comprises an intron from
an alcohol dehydrogenase gene. In one embodiment, the
nucleic acid construct is stably transformed into transgenic
plants. In one embodiment, the plants are monocotyledons
plants. In another embodiment, the plants are dicotyledons
plants. In another embodiment, the plants are not monocoty-
ledons plants. In another embodiment, the plants are not
dicotyledons plants.

In a further or alternative embodiment, the bidirectional
promoter comprises an upstream regulatory sequence from
an Ubiquitin gene or the Sugar Cane Bacilliform Virus
(SCBV) promoter. In a further embodiment, the bidirec-
tional promoter comprises an upstream regulatory sequence
from an Ubiquitin gene. In another embodiment, the bidi-
rectional promoter comprises an upstream regulatory
sequence from an Ubiquitin gene or the Sugar Cane Bacil-
liform Virus (SCBV) promoter.

In a further embodiment, the bidirectional promoter com-
prises a polynucleotide of at least 75%, 80%, 85%, 90%,
95% or 100% identical to SEQ ID NO: 5 or its complement.
In a further embodiment, the bidirectional promoter com-
prises a polynucleotide of SEQ ID NO: 5 or its complement.
In a further embodiment, the bidirectional promoter com-
prises a polynucleotide of at least 75%, 80%, 85%, 90%,
95% or 100% identical to SEQ ID NO: 6 or its complement.
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In a further embodiment, the bidirectional promoter com-
prises a polynucleotide of SEQ ID NO: 6 or its complement.

In one embodiment, both the gene expression cassettes
comprise two or more genes linked via a translation switch.
In a further or alternative embodiment, the translation switch
is selected from the group consisting of an internal ribosome
entry site (IRES), an alternative splicing site, a ribozyme
cleavage site, a polynucleotide sequence coding a 2A pep-
tide, a polynucleotide sequence coding a 2A-like peptide, a
polynucleotide sequence coding an intein, a polynucleotide
sequence coding a protease cleavage site, and combinations
thereof. In a further or alternative embodiment, the transla-
tion switch comprises a cis-acting hydrolase element (CHY-
SEL). In a further embodiment, the CHYSEL is a 2A or
2A-like peptide sequence. In another embodiment, a gene
upstream of the translational switch does not comprise a
translation stop codon. In another embodiment, the nucleic
acid construct enables or allows expression of at least four
genes. In a further embodiment, all four genes are trans-
genes. In another embodiment, the nucleic acid construct
enables expression of genes between three and twenty. In
another embodiment, the nucleic acid construct enables
expression of genes between four and eight. In a further or
alternative embodiment, the genes are transgenes. In another
embodiment, at least one gene expression cassette comprises
a polynucleotide sequence encoding a fusion protein. In a
further embodiment, the fusion protein comprises three to
five genes.

In some embodiments, expression of genes from the
bidirectional promoter is at least four-fold higher as com-
pared to a uni-directional promoter. In some embodiments,
expression of genes from the bidirectional promoter is from
three to ten folds higher as compared to a uni-directional
promoter. In some embodiments, expression of genes from
the bidirectional promoter is from four to eight folds higher
as compared to a uni-directional promoter. In some embodi-
ments, a selection marker gene is placed at far end from the
promoter (i.e., at the 3' end of a gene expression cassette
downstream of another gene).

In another aspect, provided is a method for generating a
transgenic plant comprising transforming a plant cell with
the nucleic acid construct provided herein. In another aspect,
provided is a method for generating a transgenic cell com-
prising transforming the cell with the nucleic acid construct
provided herein. In another aspect, provided is a plant cell
comprising the nucleic acid construct provided herein. In a
further or alternative embodiment, the nucleic acid construct
is stably transformed into the plant cell. In another aspect,
provided is a transgenic plant comprising the nucleic acid
construct provided herein. In a further or alternative embodi-
ment, the nucleic acid construct is stably transformed into
cells of the transgenic plant. In another aspect, provide is a
method for expressing multiple genes in plant cells and/or
tissues, comprising introducing into the plant cells and/or
tissues the nucleic acid construct provided herein. In a
further or alternative embodiment, the plant cells and/or
tissues are stably transformed with the nucleic acid construct
provided herein. In another aspect, provided is a binary
vector for Agrobacterium-mediated transformation. In one
embodiment, the binary vector comprises the nucleic acid
construct provided herein. In another embodiment, the
binary vector comprises the synthetic polynucleotide pro-
vided herein. In another aspect, provided is the use of the
bidirectional promoter provided herein for multiple-trans-
genes expression in plants.
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BRIEF DESCRIPTION OF THE DRAWINGS
AND SEQUENCES

FIG. 1 shows an exemplary (not to scale) maize Ubil
(ZmUbil) promoter, which comprises an approximately 900
bp Upstream Element located 5' of the transcription start site
(TSS). The upstream element contains a TATA box (located
approximately —30 bp of the TSS), and two overlapping heat
shock consensus elements (located approximately —200 bp
of the TSS). This promoter also comprises about 1100 bp 3'
of'the TSS region. This 3' region contains an adjacent leader
sequence (ZmUbil exon), and an intron.

FIG. 2 shows an exemplary embodiment of the synthetic
Ubil bidirectional promoter provided, which includes a
minUbilP minimal core element cloned upstream of a
ZmUbil promoter.

FIG. 3 shows an exemplary schematic drawing of YFP
and GUS gene expression cassettes, which are each operably
linked to the synthetic Ubil bidirectional promoter.

FIG. 4 shows a representative plasmid map of
pDAB105801.

FIG. 5 shows a schematic drawing of an exemplary Sugar
Cane Bacilliform Virus (SCBV) bidirectional promoter,
which includes a Min-UbilPminimal core element cloned
upstream of a SCBV promoter.

FIG. 6 shows a representative plasmid map of
pDAB105806.

FIG. 7 shows an exemplary schematic drawing of YFP
and GUS gene expression cassettes, which are each operably
linked to a synthetic SCBV bidirectional promoter.

FIG. 8 shows exemplary schematic presentations of
multi-gene constructs provided herein. Translation switches
are shown using a special (vertical dumbbell) symbol.

FIGS. 9A and 9B show representative plasmid maps of
pDAB108708 and pDAB101556, respectively.

FIG. 10A shows SEQ ID NO: 1, which comprises a 215
bp region of a Zea mays Ubiquitin 1 minimal core promoter
(minUbi1P). FIG. 10B shows SEQ ID NO: 2, which com-
prises the reverse complement of a polynucleotide compris-
ing a Z. mays minUbilP minimal core promoter (under-
lined); a Z. mays Ubil leader (ZmUbil exon; bold font); and
a Z. mays Ubil intron (lower case).

FIGS. 11A and 11B show SEQ ID NO: 3, which com-
prises an exemplary synthetic Ubil bidirectional promoter,
wherein the reverse complement of a first minUbilP, and a
second minUbi1P, are underlined.

FIGS. 12A and 12B and 12C show SEQ ID NO: 4, which
comprises an exemplary nucleic acid comprising YFP and
GUS gene expression cassettes driven by a synthetic Ubil
bidirectional promoter.

FIGS. 13A and 13B show SEQ ID NO: 5, which com-
prises an exemplary SCBV bidirectional promoter compris-
ing a minUbilP minimal core promoter, wherein the reverse
complement of the minUbilP is underlined.

FIG. 14 shows SEQ ID NO: 6, which comprises a SCBV
promoter containing ADH1 exon 6 (underlined), intron 6
(lower case font), and exon 7 (bold font).

FIGS. 15A through 15C show SEQ ID NO: 7, which
comprises a nucleic acid comprising YFP and GUS gene
expression cassettes driven by an exemplary SCBV bidirec-
tional promoter.

SEQ ID NO: 8 shows the YFP Forward Primer: 5'-GAT-
GCCTCAG TGGGAAAGG-3'. SEQ ID NO: 9 comprises a
YFP Reverse Primer: 5-CCATAGGTGA GAGTGGTGAC
AA-3'. SEQ ID NO: 10 comprises an Invertase Forward
Primer: 5'-TGGCGGACGA CGACTTGT-3". SEQ ID NO:
11 comprises an  Invertase  Reverse  Primer:
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5-AAAGTTTGGA GGCTGCCGT-3'. SEQ ID NO: 12
comprises an Invertase Probe: 5'-CGAGCAGACC GCCGT-
GTACT TCTACC-3". SEQ ID NO: 13 comprises an AAD1
Forward Primer: 5-TGTTCGGTTC CCTCTACCAA-3'.
SEQ ID NO: 14 comprises an AAD1 Reverse Primer:
5'-CAACATCCAT CACCTTGACT GA-3'. SEQ ID NO: 15
comprises an AAD1 Probe: 5-CACAGAACCG TCGCT-
TCAGC AACA-3' (see also Table 7).

FIG. 16 shows a Western blot analysis for stable YFP
expression driven by a bidirectional SCBV Promoter con-
struct (pDAB108708) in maize T, plants. Representative
plants showed stable YFP expression in leaf driven by the
Min-UbilP minimal core promoter element. The amount of
protein which is produced is indicated as parts per million
(ppm).

FIG. 17 shows a Western blot analysis for stable YFP
expression from the control construct containing a ZmUbil
promoter that only drives expression of YFP
(pDAB101556); a GUS coding sequence is not contained in
this construct. The amount of protein which is produced is
indicated as parts per million (ppm).

FIG. 18 shows exemplary constructs of four-gene cassette
stacks pDAB105849 (AADI1-2A-YFP plus Cry34-2A-
Cry35) and pDAB105865 (YFP-2A-AAD1 plus Cry34-2A-
Cry35). Shaded arrows indicate direction of transcription
from the bidirectional promoter. Ubil-mimP comprises 200
nt sequence upstream of transcriptional start site of maize
Ubil promoter. SCBV-URS comprises upstream regulatory
sequence of SCBV promoter excluding the core promoter
(shown as arrow). Ubil-Int comprises an intron of maize
Ubil promoter.

FIG. 19 shows two additional exemplary constructs of
four-gene cassette stacks.

FIGS. 20A and 20B show representative maps for plas-
mids pDAB105818 and pDAB105748.

FIGS. 21A-21E shows additional minimal core promoters
(min-UbilP or Ubil-minP) of SEQ ID NOs: 16-40.

FIGS. 22A and 22B show representative maps for plas-
mids pDAB105841 and pDAB105847.

FIGS. 23A and 23B show representative maps for plas-
mids pDAB105840 and pDAB105849.

FIGS. 24A and 24B show representative maps for plas-
mids pDAB101917 and pDAB108719.

FIGS. 25A and 25B show representative maps for plas-
mids pDAB105844 and pDAB105848.

FIGS. 26A and 26B show representative maps for plas-
mids pDAB105865 and pDAB108720.

FIGS. 27A through 27J show a nucleic acid sequence for
gene expression cassettes of pDAB108719 (SEQ ID
NO:53), where each gene and element is illustrated.

FIG. 28 shows exemplary protein expression data among
various constructs tested for Cry34 (FIG. 28A), AAD-1
(FIG. 28B), and Cry35 (FIG. 28C).

FIG. 29 shows two exemplary sequences for yellow
fluorescent proteins from Phialidium sp. SL-2003 (PhiYFP,
SEQ ID NO: 51; and PhiYFPv3, SEQ ID NO: 52).

FIG. 30 shows exemplary embodiments of the synthetic
Ubil bidirectional promoter and constructs provided,
including pDAB108706 (ZMUbi bidirectional (-200)),
pDAB108707 (ZMUbi bidirectional (-90)), pDAB108708
(SCBV bidirectional (-200)), and pDAB108709 (SCBV
bidirectional (-90)). pDAB101556 (ZmUbil-YFP control),
pDAB108715 (SCBV without minimal promoter), and
pDAB108716 (ZMUbil without minimal promoter) serve as
control constructs with uni-directional promoters.

FIG. 31A shows exemplary expression results (V6) from
the seven constructs shown in FIG. 30 for YFP protein
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(LCMS) in ng/cm?. FIG. 31B shows exemplary relative
expression results (V6) from the seven constructs shown in
FIG. 30 for YFP RNA.

FIG. 32A shows exemplary expression results (V6) from
the seven constructs shown in FIG. 30 for GUS protein
(LCMS) in ng/cm?. FIG. 32B shows exemplary relative
expression results (V6) from the seven constructs shown in
FIG. 30 for GUS RNA.

FIG. 33A shows exemplary expression results (V6) from
the seven constructs shown in FIG. 30 for AADI1 protein
(LCMS) in ng/cm?. FIG. 33B shows exemplary relative
expression results (V6) from the seven constructs shown in
FIG. 30 for AAD1 RNA.

FIG. 34A shows a statistical analysis of expression results
(V6) tfrom the seven constructs shown in FIG. 30 for YFP
protein (LCMS) in ng/cm®. FIG. 34B shows a statistical
analysis of relative expression results (V6) from the seven
constructs shown in FIG. 30 for YFP RNA. The mean values
and statistical results are listed.

FIG. 35A shows a statistical analysis of expression results
(V6) from the seven constructs shown in FIG. 30 for GUS
protein (LCMS) in ng/cm®. FIG. 35B shows a statistical
analysis of relative expression results (V6) from the seven
constructs shown in FIG. 30 for GUS RNA. The mean
values and statistical results are listed.

FIG. 36 A shows a statistical analysis of expression results
(V6) from the seven constructs shown in FIG. 30 for AADI1
protein (LCMS) in ng/cm®. FIG. 36B shows a statistical
analysis of relative expression results (V6) from the seven
constructs shown in FIG. 30 for AAD1 RNA. The mean
values and statistical results are listed.

FIGS. 37A, 37B, and 37C show exemplary expression
results (V10) from the seven constructs shown in FIG. 30 for
YFP, AADI1, and GUS protein (LCMS) in ng/cm? respec-
tively.

FIGS. 38A, 38B, and 38C show statistical analysis of
expression results (V10) from the seven constructs shown in
FIG. 30 for YFP, GUS, and AADI1 protein (LCMS) in
ng/cm? respectively. The mean values and statistical results
are listed.

FIGS. 39A, 39B, and 39C show exemplary expression
results (R3) from the seven constructs shown in FIG. 30 for
YFP, GUS, and AADI protein (LCMS) in ng/cm?, respec-
tively.

FIGS. 40A, 40B, and 40C show statistical analysis of
expression results (R3) from the seven constructs shown in
FIG. 30 for YFP, GUS, and AADI1 protein (LCMS) in
ng/cm?, respectively. The mean values and statistical results
are listed.

FIG. 41 shows additional multi-transgene constructs
using Ubil promoter, including pDAB108717 and
pDABI108718.

FIG. 42A shows exemplary relative expression results
(V6) of Cry34 RNA from six constructs pDAB105748
(ZMUbi1-YFP), pDAB105818 (ZMUbil-Cry34/ZMUbil-
Cry35/ZMUbil-AAD1), pDAB108717 (YFP/AAD-1-
ZMUbil bidirectional-Cry34-Cry35), pDAB108718
(AAD1/YFP-ZMUDbil bidirectinal-Cry34-Cry35),
pDABI108719 (YFP/AADI1-SCBV bidirectional-Cry34-
Cry35), and pDAB108720 (AADI1/YFP-SCBV bidirec-
tional-Cry34-Cry35). FIG. 42B shows exemplary relative
expression results (V6) of Cry34 protein (LCMS) from the

same six constructs pDAB105748, pDABI105818,
pDAB108717, pDAB108718, pDAB108719, and
pDAB108720.

FIG. 43A shows exemplary relative expression results
(V6) of AAD1 RNA from the six constructs pDAB105748,
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pDABI105818, pDAB108717, pDABI108718,
pDAB108719, and pDAB108720. FIG. 43B shows exem-
plary relative expression results (V6) of AADI1 protein
(LCMS) from the same six constructs pDAB105748,
pDABI105818, pDAB108717, pDABI108718,
pDABI108719, and pDAB108720.

FIG. 44A shows exemplary relative expression results
(V6) of YFP RNA from the six constructs pDAB105748,
pDABI105818, pDAB108717, pDABI108718,
pDAB108719, and pDAB108720. FIG. 44B shows exem-
plary relative expression results (V6) of YFP protein
(LCMS) from the same six constructs pDAB105748,
pDABI105818, pDAB108717, pDABI108718,
pDABI108719, and pDAB108720.

FIG. 45A shows exemplary relative expression results
(V6) of Cry35 RNA from the six constructs pDAB105748,
pDABI105818, pDAB108717, pDABI108718,
pDAB108719, and pDAB108720. FIG. 45B shows exem-
plary relative expression results (V6) of Cry35 protein
(ELISA) from the same six constructs pDAB105748,
pDABI105818, pDAB108717, pDABI108718,
pDABI108719, and pDAB108720.

FIG. 46 shows exemplary relative expression results (V6)
of PAT RNA from the six constructs pDAB105748,
pDABI105818, pDAB108717, pDABI108718,
pDABI108719, and pDAB108720.

FIG. 47 A shows a statistical analysis of expression results
(V6) of Cry34 RNA from the six constructs pDAB105748,
pDABI105818, pDAB108717, pDABI108718,
pDAB108719, and pDAB108720. FIG. 47B shows a statis-
tical analysis of expression results (V6) of Cry34 protein
from the same six constructs pDAB105748, pDAB105818,
pDABI108717, pDABI108718, pDABI108719, and
pDAB108720. The mean values and statistical results are
listed.

FIG. 48 A shows a statistical analysis of expression results
(V6) of AAD1 RNA from the six constructs pDAB105748,
pDABI105818, pDAB108717, pDABI108718,
pDAB108719, and pDAB108720. FIG. 48B shows a statis-
tical analysis of expression results (V6) of AADI1 protein
from the same six constructs pDAB105748, pDAB105818,
pDABI108717, pDABI108718, pDABI108719, and
pDAB108720. The mean values and statistical results are
listed.

FIG. 49 A shows a statistical analysis of expression results
(V6) of YFP RNA from the six constructs pDAB105748,
pDABI105818, pDAB108717, pDABI108718,
pDAB108719, and pDAB108720. FIG. 49B shows a statis-
tical analysis of expression results (V6) of YFP protein from
the same six constructs pDAB105748, pDAB105818,
pDABI108717, pDABI108718, pDABI108719, and
pDAB108720. The mean values and statistical results are
listed.

FIG. 50A shows a statistical analysis of expression results
(V6) of Cry35 RNA from the six constructs pDAB105748,
pDABI105818, pDAB108717, pDABI108718,
pDAB108719, and pDAB108720. FIG. 50B shows a statis-
tical analysis of expression results (V6) of Cry35 protein
from the same six constructs pDAB105748, pDAB105818,
pDABI108717, pDABI108718, pDABI108719, and
pDAB108720. The mean values and statistical results are
listed.

FIG. 51 shows a statistical analysis of expression results
(V6) of PAT RNA from the six constructs pDAB105748,
pDABI105818, pDAB108717, pDABI108718,
pDAB108719, and pDAB108720. The mean values and
statistical results are listed.
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FIGS. 52A, 52B, 52C, and 52D show exemplary protein
expression results (V10) of YFP, AAD1, Cry34, and Cry35
respectively from the six constructs pDAB105748,
pDABI105818, pDABI108717, pDAB108718,
pDABI108719, and pDAB108720.

FIGS. 53A, 53B, 53C, and 53D show statistical analysis
of protein expression results (V10) of YFP, AADI1, Cry34,

and Cry35 respectively from the six constructs
pDAB105748, pDABI105818, pDAB108717,
pDABI108718, pDAB108719, and pDAB108720. The mean

values and statistical results are listed.

FIGS. 54A, 54B, 54C, and 54D show exemplary protein
expression results (R3) of YFP, AADI1, Cry34, and Cry35
respectively from the six constructs pDAB105748,
pDABI105818, pDABI108717, pDAB108718,
pDABI108719, and pDAB108720.

FIGS. 55A, 55B, 55C, and 55D show statistical analysis
of protein expression results (R3) of YFP, AADI, Cry34,
and Cry35 respectively from the six constructs
pDAB105748, pDABI105818, pDAB108717,
pDABI108718, pDAB108719, and pDAB108720. The mean
values and statistical results are listed.

FIG. 56 shows exemplary results of Western blot for
protein expression of Cry34, Cry35, and AADI from

pDAB108718, pDAB108717, pDAB108719, and
pDAB108720.
DETAILED DESCRIPTION OF THE
INVENTION

Development of transgenic products is becoming increas-
ingly complex, which requires pyramiding multiple trans-
genes into a single locus. Traditionally each transgene
usually requires a unique promoter for expression, so mul-
tiple promoters are required to express different transgenes
within one gene stack. In addition to increasing the size of
the gene stack, this frequently leads to repeated use of the
same promoter to obtain similar levels of expression patterns
of different transgenes controlling the same trait. Multi-gene
constructs driven by the same promoter are known to cause
gene silencing, thus making transgenic products less effica-
cious in the field. Excess of transcription factor (TF)-binding
sites due to promoter repetition can cause depletion of
endogenous TFs leading to transcriptional inactivation. The
silencing of transgenes will likely undesirably affect the
performance of a transgenic plant produced to express the
transgenes. Repetitive sequences within a transgene may
lead to gene intra-locus homologous recombination result-
ing in polynucleotide rearrangements.

Provided are methods and constructs combining the bidi-
rectional promoter system with bicistronic organization of
genes on either one or both ends of the promoter, for
example with the use of a 2A sequence from Thosea asigna
virus. The 2A protein, which is only 16-20 amino acids long,
cleaves the polyprotein at its own carboxyl-terminus. This
“self-cleavage” or “ribosome skip” property of the 2A or
2 A-like peptide can be used to process artificial polyproteins
produced in transgenic plants. In one embodiment, Cry34
and Cry35 genes are fused in one gene expression cassette,
while YFP (or PhiYFP) and AADI1 genes are fused into
another gene expression cassette (with a single open reading
frame (ORF) with a copy of the 2A protein gene placed
between the two genes in each combination). For example,
each of these gene expression cassettes (or gene pairs) can
be placed on the either end of the bidirectional promoter to
drive 4 transgenes using a single promoter. Thus, the con-
structs and methods provided herein are useful to avoid
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repeated use of the same promoter and significantly reduce
the size of commercial constructs. In addition, driving four
or more genes with one promoter also provides ability to
co-express genes controlling a single trait.

Plant promoters used for basic research or biotechnologi-
cal application are generally unidirectional, directing only
one gene that has been fused at its 3' end (downstream). It
is often necessary to introduce multiple genes into plants for
metabolic engineering and trait stacking and therefore, mul-
tiple promoters are typically required in future transgenic
crops to drive the expression of multiple genes. It is desir-
able to design strategies that can save the number of pro-
moters deployed and allow simultaneous co-regulated
expression for gene pyramiding. In some embodiment, the
bidirectional promoters provided can drive transcription of
multiple transcription units, including RNAI, artificial
miRNA, or haipin-loop RNA sequences.

Embodiments herein utilize a process wherein a unidirec-
tional promoter from a maize ubiquitin-1 gene (e.g.,
ZmUbil) and a SCBV promoter to design a synthetic
bidirectional promoter, such that one promoter can direct the
expression of two genes, one on each end of the promoter.
Synthetic bidirectional promoters may allow those in the art
to stack transgenes in plant cells and plants while lessening
the repeated use of the same promoter and reducing the size
of transgenic constructs. Furthermore, regulating the expres-
sion of two genes with a single synthetic bidirectional
promoter may also provide the ability to co-express the two
genes under the same conditions, such as may be useful, for
example, when the two genes each contribute to a single trait
in the host. The use of bidirectional function of promoters in
plants has been reported in some cases, including the CaMV
35 promoters (Barfield and Pua (1991) Plant Cell Rep.
10(6-7):308-14; Xie et al. (2001)), and the mannopine
synthase promoter (mas) promoters (Velten et al. (1984)
EMBO J. 3(12):2723-30; Langridge et al. (1989) Proc. Natl.
Acad. Sci. USA 86:3219-23).

Transcription initiation and modulation of gene expres-
sion in plant genes is directed by a variety of DNA sequence
elements that are collectively arranged within the promoter.
Eukaryotic promoters consist of minimal core promoter
element (minP), and further upstream regulatory sequences
(URSs). The core promoter element is a minimal stretch of
contiguous DNA sequence that is sufficient to direct accurate
initiation of transcription. Core promoters in plants also
comprise canonical regions associated with the initiation of
transcription, such as CAAT and TATA boxes. The TATA
box element is usually located approximately 20 to 35
nucleotides upstream of the initiation site of transcription.

The activation of the minP is dependent upon the URS, to
which various proteins bind and subsequently interact with
the transcription initiation complex. URSs comprise of DNA
sequences, which determine the spatiotemporal expression
pattern of a promoter comprising the URS. The polarity of
a promoter is often determined by the orientation of the
minP, while the URS is bipolar (i.e., it functions independent
of its orientation). For example, the CaMV 35S synthetic
unidirectional polar promoter may be converted to a bidi-
rectional promoter by fusing a minP at the 5' end of the
promoter in the opposite orientation. See, for example, Xie
et al. (2001) Nat. Biotechnol. 19(7):677-9.

In specific examples of some embodiments, a minimal
core promoter element (minUbilP) of a modified maize
Ubil promoter (ZmUbil) originally derived from the Z.
mays inbred line, B73, is used to engineer a synthetic
bidirectional SCBV promoter that may function in plants to
provide expression control characteristics that are unique
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with respect to previously available bidirectional promoters.
Embodiments include a synthetic bidirectional SCBV pro-
moter that further includes nucleotide sequence derived
from a native SCBV promoter. Particular embodiments may
further include a synthetic bidirectional SCBV promoter
comprising an intron (e.g., an ADH intron) in close prox-
imity to SCBV and minUbilP sequence elements in the
synthetic bidirectional SCBV promoter.

The ZmUbil promoter originally derived from B73 com-
prises sequences located in the maize genome within about
899 bases 5' of the transcription start site, and further within
about 1093 bases 3' of the transcription start site. Chris-
tensen et al. (1992) Plant Mol. Biol. 18(4):675-89 (describ-
ing a B73 ZmUbil gene). A modified ZmUbil promoter
derived from B73 that is used in some examples is an
approximately 2 kb promoter that contains a TATA box; two
overlapping heat shock consensus elements; an 82 or 83
nucleotide (depending on the reference strand) leader
sequence immediately adjacent to the transcription start site,
which is referred to herein as ZmUbil exon; and a 1015-
1016 nucleotide intron (see FIG. 1 for example). Other
maize ubiquitin promoter variants derived from Zea species
and Zea mays genotypes may exhibit high sequence con-
servation around the minP element consisting of the TATA
element and the upstream heat shock consensus elements.
Thus, embodiments of the invention are exemplified by the
use of this short (~200 nt) highly conserved region (e.g.,
SEQ ID NO: 1) of a ZmUbil promoter as a minimal core
promoter element for constructing synthetic bidirectional
plant promoters.

Certain abbreviations disclosed are listed in Table 1.

TABLE 1

Abbreviations used in the disclosure

Phrase Abbreviation
bicinchoninic acid BCA
cauliflower mosaic virus CaMV
chloroplast transit peptide CTP
homology-based gene silencing HBGS
ZmUDbil minimal core promoter minUbilP
oligo ligation amplification OLA
phosphate buffered saline PBS
phosphate buffered saline with 0.05% Tween 20 PBST
polymerase chain reaction PCR
rolling circle amplification RCA
reverse transcriptase PCR RT-PCR
single nucleotide primer extension SNuPE
upstream regulatory sequence URS

Zea mays Ubiquitin-1 gene ZmUbil

6, 99 &

As used herein, the articles, “a,” “an,” and “the” include
plural references unless the context clearly and unambigu-
ously dictates otherwise.

As used herein, the phrase “backcrossing” refers to a
process in which a breeder crosses hybrid progeny back to
one of the parents, for example, a first generation hybrid,
with one of the parental genotypes of the F1 hybrid.

As used herein, the phrase “intron” refers to any nucleic
acid sequence comprised in a gene (or expressed nucleotide
sequence of interest) that is transcribed but not translated.
Introns include untranslated nucleic acid sequence within an
expressed sequence of DNA, as well as the corresponding
sequence in RNA molecules transcribed therefrom.

As used herein, the phrase “isolated” refers to biological
component (including a nucleic acid or protein) has been
substantially separated, produced apart from, or purified
away from other biological components in the cell of the
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organism in which the component naturally occurs (i.e.,
other chromosomal and extra-chromosomal DNA and RNA,
and proteins), while effecting a chemical or functional
change in the component (e.g., a nucleic acid may be
isolated from a chromosome by breaking chemical bonds
connecting the nucleic acid to the remaining DNA in the
chromosome). Nucleic acid molecules and proteins that
have been “isolated” include nucleic acid molecules and
proteins purified by standard purification methods. The
phrase “isolated” also embraces nucleic acids and proteins
prepared by recombinant expression in a host cell, as well as
chemically synthesized nucleic acid molecules, proteins,
and peptides.

As used herein, the phrase “gene expression” refers to a
process by which the coded information of a nucleic acid
transcriptional unit (including, e.g., genomic DNA) is con-
verted into an operational, non-operational, or structural part
of a cell, often including the synthesis of a protein. Gene
expression can be influenced by external signals; for
example, exposure of a cell, tissue, or organism to an agent
that increases or decreases gene expression. Expression of a
gene can also be regulated anywhere in the pathway from
DNA to RNA to protein. Regulation of gene expression
occurs, for example, through controls acting on transcrip-
tion, translation, RNA transport and processing, degradation
of intermediary molecules such as mRNA, or through acti-
vation, inactivation, compartmentalization, or degradation
of specific protein molecules after they have been made, or
by combinations thereof. Gene expression can be measured
at the RNA level or the protein level by any method known
in the art, including, without limitation, Northern blot,
RT-PCR, Western blot, or in vitro, in situ, or in vivo protein
activity assay(s).

As used herein, the phrase “homology-based gene silenc-
ing” (HBGS) refers to a generic term that includes both
transcriptional gene silencing and posttranscriptional gene
silencing. Silencing of a target locus by an unlinked silenc-
ing locus can result from transcription inhibition (transcrip-
tional gene silencing; TGS) or mRNA degradation (post-
transcriptional gene silencing; PTGS), owing to the
production of double-stranded RNA (dsRNA) correspond-
ing to promoter or transcribed sequences, respectively. The
involvement of distinct cellular components in each process
suggests that dsSRNA-induced TGS and PTGS likely result
from the diversification of an ancient common mechanism.
However, a strict comparison of TGS and PTGS has been
difficult to achieve because it generally relies on the analysis
of distinct silencing loci. A single transgene locus can be
described to trigger both TGS and PTGS, owing to the
production of dsRNA corresponding to promoter and tran-
scribed sequences of different target genes. See, for
example, Mourrain et al. (2007) Planta 225:365-79. It is
likely that siRNAs are the actual molecules that trigger TGS
and PTGS on homologous sequences: the siRNAs would in
this model trigger silencing and methylation of homologous
sequences in cis and in trans through the spreading of
methylation of transgene sequences into the endogenous
promoter.

As used herein, the phrase “nucleic acid molecule” (or
“nucleic acid” or “polynucleotide”) refers to a polymeric
form of nucleotides, which may include both sense and
anti-sense strands of RNA, cDNA, genomic DNA, and
synthetic forms and mixed polymers of the above. A nucleo-
tide may refer to a ribonucleotide, deoxyribonucleotide, or a
modified form of either type of nucleotide. A “nucleic acid
molecule” as used herein is synonymous with “nucleic acid”
and “polynucleotide.” A nucleic acid molecule is usually at
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least 10 bases in length, unless otherwise specified. The term
may refer to a molecule of RNA or DNA of indeterminate
length. The term includes single- and double-stranded forms
of DNA. A nucleic acid molecule may include either or both
naturally occurring and modified nucleotides linked together
by naturally occurring and/or non-naturally occurring
nucleotide linkages.

Nucleic acid molecules may be modified chemically or
biochemically, or may contain non-natural or derivatized
nucleotide bases, as will be readily appreciated by those of
skill in the art. Such modifications include, for example,
labels, methylation, substitution of one or more of the
naturally occurring nucleotides with an analog, internucle-
otide modifications (e.g., uncharged linkages: for example,
methyl phosphonates, phosphotriesters, phosphoramidates,
carbamates, etc.; charged linkages: for example, phospho-
rothioates, phosphorodithioates, etc.; pendent moieties: for
example, peptides; intercalators: for example, acridine, pso-
ralen, etc.; chelators; alkylators; and modified linkages: for
example, alpha anomeric nucleic acids, etc.). The term
“nucleic acid molecule” also includes any topological con-
formation, including single-stranded, double-stranded, par-
tially duplexed, triplexed, hairpinned, circular, and pad-
locked conformations.

Transcription proceeds in a 5' to 3' manner along a DNA
strand. This means that RNA is made by the sequential
addition of ribonucleotide-5'-triphosphates to the 3' terminus
of the growing chain (with a requisite elimination of the
pyrophosphate). In either a linear or circular nucleic acid
molecule, discrete elements (e.g., particular nucleotide
sequences) may be referred to as being “upstream” relative
to a further element if they are bonded or would be bonded
to the same nucleic acid in the 5' direction from that element.
Similarly, discrete elements may be “downstream” relative
to a further element if they are or would be bonded to the
same nucleic acid in the 3' direction from that element.

As used herein, the phrase “base position,” refers to the
location of a given base or nucleotide residue within a
designated nucleic acid. The designated nucleic acid may be
defined by alignment (see below) with a reference nucleic
acid.

As used herein, the phrase “hybridization” refers to a
process where oligonucleotides and their analogs hybridize
by hydrogen bonding, which includes Watson-Crick, Hoog-
steen or reversed Hoogsteen hydrogen bonding, between
complementary bases. Generally, nucleic acid molecules
consist of nitrogenous bases that are either pyrimidines
(cytosine (C), uracil (U), and thymine (T)) or purines
(adenine (A) and guanine (G)). These nitrogenous bases
form hydrogen bonds between a pyrimidine and a purine,
and the bonding of the pyrimidine to the purine is referred
to as “base pairing.” More specifically, A will hydrogen bond
to T or U, and G will bond to C. “Complementary” refers to
the base pairing that occurs between two distinct nucleic
acid sequences or two distinct regions of the same nucleic
acid sequence.

As used herein, the phrases “specifically hybridizable”
and “specifically complementary” refers to a sufficient
degree of complementarity such that stable and specific
binding occurs between the oligonucleotide and the DNA or
RNA target. The oligonucleotide need not be 100% comple-
mentary to its target sequence to be specifically hybridiz-
able. An oligonucleotide is specifically hybridizable when
binding of the oligonucleotide to the target DNA or RNA
molecule interferes with the normal function of the target
DNA or RNA, and there is sufficient degree of complemen-
tarity to avoid non-specific binding of the oligonucleotide to
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non-target sequences under conditions where specific bind-
ing is desired, for example under physiological conditions in
the case of in vivo assays or systems. Such binding is
referred to as specific hybridization.

Hybridization conditions resulting in particular degrees of
stringency will vary depending upon the nature of the
chosen hybridization method and the composition and
length of the hybridizing nucleic acid sequences. Generally,
the temperature of hybridization and the ionic strength
(especially the Na+ and/or Mg2+ concentration) of the
hybridization buffer will contribute to the stringency of
hybridization, though wash times also influence stringency.
Calculations regarding hybridization conditions required for
attaining particular degrees of stringency are discussed in
Sambrook et al. (ed.), Molecular Cloning: A Laboratory
Manual, 2nd ed., vol. 1-3, Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, N.Y., 1989, chs. 9 and 11.

As used herein, the phrase “stringent conditions” encom-
pass conditions under which hybridization will only occur if
there is less than 50% mismatch between the hybridization
molecule and the DNA target. “Stringent conditions”
include further particular levels of stringency. Thus, as used
herein, “moderate stringency” conditions are those under
which molecules with more than 50% sequence mismatch
will not hybridize; conditions of “high stringency” are those
under which sequences with more than 20% mismatch will
not hybridize; and conditions of “very high stringency” are
those under which sequences with more than 10% mismatch
will not hybridize.

In particular embodiments, stringent conditions can
include hybridization at 65° C., followed by washes at 65°
C. with 0.1xSSC/0.1% SDS for 40 minutes.

The following are representative, non-limiting hybridiza-
tion conditions:

Very High Stringency: Hybridization in 5xSSC buffer at
65° C. for 16 hours; wash twice in 2xSSC buffer at room
temperature for 15 minutes each; and wash twice in 0.5x
SSC buffer at 65° C. for 20 minutes each.

High Stringency: Hybridization in 5x-6xSSC buffer at
65-70° C. for 16-20 hours; wash twice in 2xSSC buffer at
room temperature for 5-20 minutes each; and wash twice in
1xSSC buffer at 55-70° C. for 30 minutes each.

Moderate Stringency: Hybridization in 6xSSC buffer at
room temperature to 55° C. for 16-20 hours; wash at least
twice in 2x-3xSSC buffer at room temperature to 55° C. for
20-30 minutes each.

In particular embodiments, specifically hybridizable
nucleic acid molecules can remain bound under very high
stringency hybridization conditions. In these and further
embodiments, specifically hybridizable nucleic acid mol-
ecules can remain bound under high stringency hybridiza-
tion conditions. In these and further embodiments, specifi-
cally hybridizable nucleic acid molecules can remain bound
under moderate stringency hybridization conditions.

As used herein, the phrase “oligonucleotide” refers to a
short nucleic acid polymer. Oligonucleotides may be formed
by cleavage of longer nucleic acid segments, or by polym-
erizing individual nucleotide precursors. Automated synthe-
sizers allow the synthesis of oligonucleotides up to several
hundred base pairs in length. Because oligonucleotides may
bind to a complementary nucleotide sequence, they may be
used as probes for detecting DNA or RNA. Oligonucleotides
composed of DNA (oligodeoxyribonucleotides) may be
used in PCR, a technique for the amplification of small DNA
sequences. In PCR, the oligonucleotide is typically referred
to as a “primer,” which allows a DNA polymerase to extend
the oligonucleotide and replicate the complementary strand.
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As used herein, the phrase “sequence identity” or “iden-
tity,” refers to a context where two nucleic acid or polypep-
tide sequences, may refer to the residues in the two
sequences that are the same when aligned for maximum
correspondence over a specified comparison window.

As used herein, the phrase “percentage of sequence iden-
tity” refers to the value determined by comparing two
optimally aligned sequences (e.g., nucleic acid sequences,
and amino acid sequences) over a comparison window,
wherein the portion of the sequence in the comparison
window may comprise additions or deletions (i.e., gaps) as
compared to the reference sequence (which does not com-
prise additions or deletions) for optimal alignment of the two
sequences. The percentage is calculated by determining the
number of positions at which the identical nucleotide or
amino acid residue occurs in both sequences to yield the
number of matched positions, dividing the number of
matched positions by the total number of positions in the
comparison window, and multiplying the result by 100 to
yield the percentage of sequence identity.

Methods for aligning sequences for comparison are well-
known in the art. Various programs and alignment algo-
rithms are described in, for example: Smith and Waterman
(1981) Adv. Appl. Math. 2:482; Needleman and Wunsch
(1970) J. Mol. Biol. 48:443; Pearson and Lipman (1988)
Proc. Natl. Acad. Sci. U.S.A. 85:2444; Higgins and Sharp
(1988) Gene 73:237-44; Higgins and Sharp (1989) CABIOS
5:151-3; Corpet et al. (1988) Nucleic Acids Res. 16:10881-
90; Huang et al. (1992) Comp. Appl. Biosci. 8:155-65;
Pearson et al. (1994) Methods Mol. Biol. 24:307-31; Tatiana
et al. (1999) FEMS Microbiol. Lett. 174:247-50. A detailed
consideration of sequence alignment methods and homology
calculations can be found in, e.g., Altschul et al. (1990) J.
Mol. Biol. 215:403-10.

The National Center for Biotechnology Information
(NCBI) Basic Local Alignment Search Tool (BLAST™;
Altschul et al. (1990)) is available from several sources,
including the National Center for Biotechnology Informa-
tion (Bethesda, Md.), and on the internet, for use in con-
nection with several sequence analysis programs. A descrip-
tion of how to determine sequence identity using this
program is available on the internet under the “help” section
for BLAST™. For comparisons of nucleic acid sequences,
the “Blast 2 sequences” function of the BLAST™ (Blastn)
program may be employed using the default parameters.
Nucleic acid sequences with even greater similarity to the
reference sequences will show increasing percentage iden-
tity when assessed by this method.

As used herein, the phrase “operably linked” refers to a
context where the first nucleic acid sequence is operably
linked with a second nucleic acid sequence when the first
nucleic acid sequence is in a functional relationship with the
second nucleic acid sequence. For instance, a promoter is
operably linked with a coding sequence when the promoter
affects the transcription or expression of the coding
sequence. When recombinantly produced, operably linked
nucleic acid sequences are generally contiguous and, where
necessary to join two protein-coding regions, in the same
reading frame. However, elements need not be contiguous to
be operably linked.

As used herein, the phrase “promoter” refers to a region
of DNA that generally is located upstream (towards the 5'
region of a gene) that is needed for transcription. Promoters
may permit the proper activation or repression of the gene
which they control. A promoter may contain specific
sequences that are recognized by transcription factors. These
factors may bind to the promoter DNA sequences and result
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in the recruitment of RNA polymerase, an enzyme that
synthesizes RNA from the coding region of the gene.

As used herein, the phrase “transforms” or “transduces”
refers to a process where a virus or vector transfers nucleic
acid molecules into a cell. A cell is “transformed” by a
nucleic acid molecule “transduced” into the cell when the
nucleic acid molecule becomes stably replicated by the cell,
either by incorporation of the nucleic acid molecule into the
cellular genome or by episomal replication. As used herein,
the term “transformation” encompasses all techniques by
which a nucleic acid molecule can be introduced into such
a cell. Examples include, but are not limited to: transfection
with viral vectors; transformation with plasmid vectors;
electroporation (Fromm et al. (1986) Nature 319:791-3);
lipofection (Feigner et al. (1987) Proc. Natl. Acad. Sci. USA
84:7413-7); microinjection (Mueller et al. (1978) Cell
15:579-85); Agrobacterium-mediated transter (Fraley et al.
(1983) Proc. Natl. Acad. Sci. USA 80:4803-7); direct DNA
uptake; whiskers-mediated transformation; and micropro-
jectile bombardment (Klein et al. (1987) Nature 327:70).

As used herein, the phrase “transgene” refers to an
exogenous nucleic acid sequence. In one example, a trans-
gene is a gene sequence (e.g., a herbicide-resistant gene), a
gene encoding an industrially or pharmaceutically useful
compound, or a gene encoding a desirable agricultural trait.
In yet another example, the transgene is an antisense nucleic
acid sequence, wherein expression of the antisense nucleic
acid sequence inhibits expression of a target nucleic acid
sequence. A transgene may contain regulatory sequences
operably linked to the transgene (e.g., a promoter). In some
embodiments, a nucleic acid sequence of interest is a trans-
gene. However, in other embodiments, a nucleic acid
sequence of interest is an endogenous nucleic acid sequence,
wherein additional genomic copies of the endogenous
nucleic acid sequence are desired, or a nucleic acid sequence
that is in the antisense orientation with respect to the
sequence of a target nucleic acid molecule in the host
organism.

As used herein, the phrase “vector” refers to a nucleic acid
molecule as introduced into a cell, thereby producing a
transformed cell. A vector may include nucleic acid
sequences that permit it to replicate in the host cell, such as
an origin of replication. Examples include, but are not
limited to, a plasmid, cosmid, bacteriophage, or virus that
carries exogenous DNA into a cell. A vector can also include
one or more genes, antisense molecules, and/or selectable
marker genes and other genetic elements known in the art.
A vector may transduce, transform, or infect a cell, thereby
causing the cell to express the nucleic acid molecules and/or
proteins encoded by the vector. A vector may optionally
include materials to aid in achieving entry of the nucleic acid
molecule into the cell (e.g., a liposome).

As used herein, the phrase “plant” includes plants and
plant parts including but not limited to plant cells and plant
tissues such as leaves, stems, roots, flowers, pollen, and
seeds. The class of plants that can be used in the present
invention is generally as broad as the class of higher and
lower plants amenable to mutagenesis including angio-
sperms (monocotyledonous and dicotyledonous plants),
gymnosperms, ferns and multicellular algae. Thus, “plant”
includes dicotyledons plants and monocotyledons plants.
Examples of dicotyledons plants include tobacco, Arabidop-
sis, soybean, tomato, papaya, canola, sunflower, cotton,
alfalfa, potato, grapevine, pigeon pea, pea, Brassica, chick-
pea, sugar beet, rapeseed, watermelon, melon, pepper, pea-
nut, pumpkin, radish, spinach, squash, broccoli, cabbage,
carrot, cauliflower, celery, Chinese cabbage, cucumber, egg-
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plant, and lettuce. Examples of monocotyledons plants
include corn, rice, wheat, sugarcane, barley, rye, sorghum,
orchids, bamboo, banana, cattails, lilies, oat, onion, millet,
and triticale.

As used herein, the phrase “plant material” refers to
leaves, stems, roots, flowers or flower parts, fruits, pollen,
egg cells, zygotes, seeds, cuttings, cell or tissue cultures, or
any other part or product of a plant. In some embodiment,
plant material includes cotyledon and leaf.

As used herein, the phrase “translation switch” refers to a
mechanism at end of a gene allowing translation of an
immediate downstream gene. The mechanism of translation
switch can function at nucleic acid level (for example, viral
or eukaryotic internal ribosome entry site (IRES), an alter-
native splicing site, or a ribozyme cleavage site) or at
peptide/protein level (for example, a 2A peptide, a 2A-like
peptide, an intein peptide, or a protease cleavage site).

These mechanisms of translation switch at nucleic acid
level or at peptide/protein level are well known in the art.
See, e.g., Z. Li, H. M. Schumacher, et al. (2010) J. Biotech-
nol. 145(1): 9-16; Y. Chen, K. Perumal, et al. (2000) Gene
Expr. 9(3):133-143; T. D. Dinkova, H. Zepeda, et al. (2005)
Plant J. 41(5): 722-731; Y. L. Dorokhov, M. V. Skulachev,
et al. (2002) Proc. Natl. Acad. Sci. U.S.4 99(8): 5301-5306;
O. Fernandez-Miragall and C. Hernandez (2011) PLoS One
6(7): €22617; E. Groppelli, G. J. Belsham, et al. (2007) J.
Gen. Virol. 88(Pt 5): 1583-1588; S. H. Ha, Y. S. Liang, et al.
(2010) Plant Biotechnol J. 8(8): 928-938; A. Karetnikov and
K. Lehto (2007) J. Gen. Virol. 83(Pt 1): 286-297; A. Karet-
nikov and K. Lehto (2008) Virology 371(2): 292-308; M. A.
Khan, H. Yumak, et al. (2009) J. Biol. Chem. 284(51):
35461-35470; and D. C. Koh, S. M. Wong, et al. (2003) J.
Biol. Chem. 278(23): 20565-20573, the content of which are
hereby incorporated by reference in their entireties. Multi-
gene expression constructs containing modified inteins have
been disclosed in U.S. Pat. Nos. 7,026,526 and 7,741,530, as
well as U.S. Patent application 2008/0115243, the content of
which are hereby incorporated by reference in their entire-
ties.

As used herein, the phrase “selectable marker” or “select-
able marker gene” refers to a gene that is optionally used in
plant transformation to, for example, protect the plant cells
from a selective agent or provide resistance/tolerance to a
selective agent. Only those cells or plants that receive a
functional selectable marker are capable of dividing or
growing under conditions having a selective agent.
Examples of selective agents can include, for example,
antibiotics, including spectinomycin, neomycin, kanamycin,
paromomycin, gentamicin, and hygromycin. These select-
able markers include gene for neomycin phosphotransferase
(npt I1), which expresses an enzyme conferring resistance to
the antibiotic kanamycin, and genes for the related antibi-
otics neomycin, paromomycin, gentamicin, and G418, or the
gene for hygromycin phosphotransferase (hpt), which
expresses an enzyme conferring resistance to hygromycin.
Other selectable marker genes can include genes encoding
herbicide resistance including Bar (resistance against
BASTA® (glufosinate ammonium), or phosphinothricin
(PPT)), acetolactate synthase (ALS, resistance against
inhibitors such as sulfonylureas (SUs), imidazolinones
(IMIs), triazolopyrimidines (TPs), pyrimidinyl oxybenzo-
ates (POBs), and sulfonylamino carbonyl triazolinones that
prevent the first step in the synthesis of the branched-chain
amino acids), glyphosate, 2,4-D, and metal resistance or
sensitivity. The phrase “marker-positive” refers to plants that
have been transformed to include the selectable marker
gene.
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Various selectable or detectable markers can be incorpo-
rated into the chosen expression vector to allow identifica-
tion and selection of transformed plants, or transformants.
Many methods are available to confirm the expression of
selection markers in transformed plants, including for
example DNA sequencing and PCR (polymerase chain
reaction), Southern blotting, RNA blotting, immunological
methods for detection of a protein expressed from the vector,
e g., precipitated protein that mediates phosphinothricin
resistance, or other proteins such as reporter genes [-glu-
curonidase (GUS), luciferase, green fluorescent protein
(GFP), DsRed, f-galactosidase, chloramphenicol acetyl-
transferase (CAT), alkaline phosphatase, and the like (see
Sambrook, et al., Molecular Cloning: A Laboratory Manual,
Third Edition, Cold Spring Harbor Press, N.Y., 2001, the
content of which is incorporated herein by reference in its
entirety).

Selectable marker genes are utilized for the selection of
transformed cells or tissues. Selectable marker genes include
genes encoding antibiotic resistance, such as those encoding
neomycin phosphotransferase II (NEO) and hygromycin
phosphotransterase (HPT) as well as genes conferring resis-
tance to herbicidal compounds. Herbicide resistance genes
generally code for a modified target protein insensitive to the
herbicide or for an enzyme that degrades or detoxifies the
herbicide in the plant before it can act. For example,
resistance to glyphosate or has been obtained by using genes
coding for the mutant target enzymes, S-enolpyruvylshiki-
mate-3-phosphate synthase (EPSPS). Genes and mutants for
EPSPS have been disclosed in U.S. Pat. Nos. 4,940,835,
5,188,642, 5,310,667, 5,633,435, 5,633,448, and 6,566,587,
the contents of which are incorporated by reference in their
entireties. Resistance to glufosinate ammonium, bromoxy-
nil, and 2,4-dichlorophenoxyacetate (2,4-D) have been
obtained by using bacterial genes encoding phosphinothricin
acetyltransferase, a nitrilase, or a 2,4-dichlorophenoxyac-
etate monooxygenase, which detoxity the respective herbi-
cides. Enzymes/genes for glufosinate resistance/tolerance
have been disclosed in U.S. Pat. Nos. 5,273,894, 5,276,268,
5,550,318, and 5,561,236, the contents of which are incor-
porated by reference in their entireties. Enzymes/genes for
2,4-D resistance have been previously disclosed in U.S. Pat.
Nos. 6,100,446 and 6,153,401, as well as patent applications
US 2009/0093366 and WO 2007/053482, the contents of
which are hereby incorporated by reference in their entire-
ties. Enzymes/genes for nitrilase has been previously dis-
closed in U.S. Pat. No. 4,810,648, the content of which is
incorporated by reference in its entirety.

Other herbicides can inhibit the growing point or meri-
stem, including imidazolinone or sulfonylurea, and genes for
resistance/tolerance of acetohydroxyacid synthase (AHAS)
and acetolactate synthase (ALS) for these herbicides have
been described. Genes and mutants for AHAS and mutants
have been disclosed in U.S. Pat. Nos. 4,761,373, 5,304,732,
5,331,107, 5,853,973, and 5,928,937, the contents of which
are incorporated by reference in their entireties. Genes and
mutants for ALS have been disclosed in U.S. Pat. Nos.
5,013,659 and 5,141,870, the contents of which are incor-
porated by reference in their entireties.

Glyphosate resistance genes include mutant 5-enolpyru-
vylshikimate-3-phosphate synthase (EPSPs) genes (via the
introduction of recombinant nucleic acids and/or various
forms of in vivo mutagenesis of native EPSPs genes), aroA
genes and glyphosate acetyl transferase (GAT) genes,
respectively). Resistance genes for other phosphono com-
pounds include glufosinate (phosphinothricin acetyl trans-
ferase (PAT) genes from Strepromyces species, including
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Streptomyces hygroscopicus and Streptomyces viridichro-
mogenes), and pyridinoxy or phenoxy proprionic acids and
cyclohexones (ACCase inhibitor-encoding genes). Herbi-
cide resistance/tolerance genes of acetyl coemzyme A car-
boxylase (ACCase) have been described in U.S. Pat. Nos.
5,162,602 and 5,498,544, the contents of which are incor-
porated by reference in their entireties.

A DNA molecule encoding a mutant aroA gene can be
obtained under ATCC accession number 39256, and the
nucleotide sequence of the mutant gene is disclosed in U.S.
Pat. No. 4,769,061 to Comai, European patent application
No. 0333 033 to Kumada et al., and U.S. Pat. No. 4,975,374
to Goodman et al., disclosing nucleotide sequences of glu-
tamine synthetase genes which confer resistance to herbi-
cides such as L-phosphinothricin. The nucleotide sequence
of'a PAT gene is provided in European application No. 0 242
246 to Leemans et al. Also DeGreef et al., Bio/Technology
7:61 (1989), describes the production of transgenic plants
that express chimeric bar genes coding for PAT activity.
Exemplary of genes conferring resistance to phenoxy pro-
prionic acids and cyclohexones, including sethoxydim and
haloxyfop, are the Accl-S1, Accl-S2 and Accl-S3 genes
described by Marshall et al., Theon. Appl. Genet. 83:435
(1992). GAT genes capable of conferring glyphosate resis-
tance are described in WO 2005012515 to Castle et al.
Genes conferring resistance to 2,4-D, fop and pyridyloxy
auxin herbicides are described in WO 2005107437 and U.S.
patent application Ser. No. 11/587,893.

Other herbicides can inhibit photosynthesis, including
triazine (psbA and 1 s+ genes) or benzonitrile (nitrilase
gene). Przibila et al., Plant Cell 3:169 (1991), describes the
transformation of Chlamydomonas with plasmids encoding
mutant psbA genes. Nucleotide sequences for nitrilase genes
are disclosed in U.S. Pat. No. 4,810,648 to Stalker, and DNA
molecules containing these genes are available under ATCC
Accession Nos. 53435, 67441, and 67442. Cloning and
expression of DNA coding for a glutathione S-transferase is
described by Hayes et al., Biochem. J. 285:173 (1992).

For purposes of the present invention, selectable marker
genes include, but are not limited to genes encoding: neo-
mycin phosphotransferase 11 (Fraley et al. (1986) CRC
Critical Reviews in Plant Science 4:1-25); cyanamide
hydratase (Maier-Greiner et al. (1991) Proc. Natl. Acad. Sci.
USA 88:4250-4264); aspartate kinase; dihydrodipicolinate
synthase (Perl et al. (1993) Bio/Technology 11:715-718);
tryptophan decarboxylase (Goddijn et al. (1993) Plant Mol.
Bio. 22:907-912); dihydrodipicolinate synthase and desen-
sitized aspartade kinase (Perl et al. (1993) Bio/Technology
11:715-718); bar gene (Toki et al. (1992) Plant Physiol.
100:1503-1507; and Meagher et al. (1996), Crop Sci.
36:1367); tryptophan decarboxylase (Goddijn et al. (1993)
Plant Mol. Biol. 22:907-912); neomycin phosphotransferase
(NEO) (Southern et al. (1982) J. Mol. Appl. Gen. 1:327,
hygromycin phosphotransferase (HPT or HYG) (Shimizu et
al. (1986) Mol. Cell Biol. 6:1074); dihydrofolate reductase
(DHFR) (Kwok et al. (1986) PNAS USA 4552); phosphi-
nothricin acetyltransferase (DeBlock et al. (1987) EMBO J.
6:2513); 2,2-dichloropropionic acid dehalogenase (Buch-
anan-Wollatron et al. (1989) J. Cell. Biochem. 13D:330);
acetohydroxyacid synthase (Anderson et al., U.S. Pat. No.
4,761,373; Haughn et al. (1988) Mol. Gen. Genet. 221:266);
5-enolpyruvyl-shikimate-phosphate synthase (aroA) (Comai
et al. (1985) Nature 317:741); haloarylnitrilase (Stalker et
al., published PCT application WO87/04181); acetyl-coen-
zyme A carboxylase (Parker et al. (1990) Plant Physiol.
92:1220); dihydropteroate synthase (sul 1) (Guerineau et al.
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(1990) Plant Mol. Biol. 15:127); and 32 kD photosystem 11
polypeptide (psbA) (Hirschberg et al. (1983) Science 222:
1346).

Also included are genes encoding resistance to: chloram-
phenicol (Herrera-Estrella et al. (1983) EMBO J. 2:987-
992); methotrexate (Herrera-Estrella et al. (1983) Nature
303:209-213; Meijer et al. (1991) Plant Mol Bio. 16:807-
820 (1991); hygromycin (Waldron et al. (1985) Plant Mol.
Biol. 5:103-108; Zhijian et al. (1995) Plant Science 108:
219-227; and Meijer et al. (1991) Plant Mol. Bio. 16:807-
820); streptomycin (Jones et al. (1987) Mol. Gen. Genet.
210:86-91); spectinomycin (Bretagne-Sagnard et al. (1996)
Transgenic Res. 5:131-137); bleomycin (Hille et al. (1986)
Plant Mol. Biol. 7:171-176); sulfonamide (Guerineau et al.
(1990) Plant Mol. Bio. 15:127-136); bromoxynil (Stalker et
al. (1988) Science 242:419-423); 2,4-D (Streber et al. (1989)
Bio/Technology 7:811-816); glyphosate (Shaw et al. (1986)
Science 233:478-481); and phosphinothricin (DeBlock et al.
(1987) EMBO J. 6:2513-2518). All references recited in the
disclosure are hereby incorporated by reference in their
entireties unless stated otherwise.

The above list of selectable marker and reporter genes are
not meant to be limiting. Any reporter or selectable marker
gene are encompassed by the present invention. If necessary,
such genes can be sequenced by methods known in the art.

The reporter and selectable marker genes are synthesized
for optimal expression in the plant. That is, the coding
sequence of the gene has been modified to enhance expres-
sion in plants. The synthetic marker gene is designed to be
expressed in plants at a higher level resulting in higher
transformation efficiency. Methods for synthetic optimiza-
tion of genes are available in the art. In fact, several genes
have been optimized to increase expression of the gene
product in plants.

The marker gene sequence can be optimized for expres-
sion in a particular plant species or alternatively can be
modified for optimal expression in plant families. The plant
preferred codons may be determined from the codons of
highest frequency in the proteins expressed in the largest
amount in the particular plant species of interest. See, for
example, EPA 0359472; EPA 0385962; WO 91/16432; Per-
lak et al. (1991) Proc. Natl. Acad. Sci. USA 88:3324-3328;
and Murray et al. (1989) Nucleic Acids Research 17: 477-
498; U.S. Pat. No. 5,380,831; and U.S. Pat. No. 5,436,391,
herein incorporated by reference. In this manner, the nucleo-
tide sequences can be optimized for expression in any plant.
It is recognized that all or any part of the gene sequence may
be optimized or synthetic. That is, fully optimized or par-
tially optimized sequences may also be used.

Genes that Confer Resistance to an Herbicide:

A. Resistance/tolerance of acetohydroxyacid synthase
(AHAS) and acetolactate synthase (ALS) against herbicides
imidazolinone or sulfonylurea. Genes and mutants for
AHAS and mutants have been disclosed in U.S. Pat. Nos.
4,761,373, 5,304,732, 5,331,107, 5,853,973, and 5,928,937.
Genes and mutants for ALS have been disclosed in U.S. Pat.
Nos. 5,013,659 and 5,141,870.

B. Resistance/tolerance genes of acetyl coemzyme A
carboxylase (ACCase) against herbicides cyclohexane-
diones and/or aryloxyphenoxypropanoic acid (including
Haloxytop, Diclofop, Fenoxyprop, Fluazifop, Quizalofop)
have been described in U.S. Pat. Nos. 5,162,602 and 5,498,
544.

C. Genes for glyphosate resistance/tolerance. Gene of
5-enolpyruvyl-3-phosphoshikimate synthase (ES3P syn-
thase) has been described in U.S. Pat. No. 4,769,601. Genes
of' 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS)
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and mutants have been described in U.S. Pat. Nos. 4,940,
835, 5,188,642, 5,310,667, 5,633,435, 5,633,448, and 6,566,
587.

D. Genes for glufosinate (bialaphos, phosphinothricin
(PPT)) resistance/tolerance. Gene for phosphinothricin
acetyltransferase (Pat) has been described in U.S. Pat. Nos.
5,273,894, 5,276,268, and 5,550,318; and gene for bialaphos
resistance gene (Bar) has been described in U.S. Pat. Nos.
5,561,236 and 5,646,024, 5,648,477, and 7,112,665. Gene
for glutamine synthetase (GS) has been described in U.S.
Pat. No. 4,975,372 and European patent application EP
0333033 Al.

E. Resistance/tolerance genes of hydroxy phenyl pyruvate
dioxygenase (HPPD) against herbicides isoxazole, diketoni-
triles, and/or triketones including sulcotrione and mesotri-
one have been described in U.S. Pat. Nos. 6,268,549 and
6,069,115.

F. Genes for 2,4-D resistance/tolerance. Gene of 2,4-D-
monooxygenase has been described in U.S. Pat. Nos. 6,100,
446 and 6,153,401. Additional genes for 2,4-D resistance/
tolerance are disclosed in US 2009/0093366 and WO 2007/
053482.

G. Gene of imidazoleglycerol phosphate dehydratase
(IGPD) against herbicides imidazole and/or triazole has
been described in U.S. Pat. No. 5,541,310. Genes of
Dicamba degrading enzymes (oxygenase, ferredoxin, and
reductase) against herbicide Dicamba have been disclosed in
U.S. Pat. Nos. 7,022,896 and 7,105,724.

H. Genes for herbicides that inhibit photosynthesis,
including triazine (psbA and 1s+ genes) or a benzonitrile
(nitrilase gene). See, e.g., Przibila et al., Plant Cell 3:169
(1991) disclosing transformation of Chlamydomonas with
plasmids encoding mutant psbA genes. Nucleotide
sequences for nitrilase genes are disclosed in U.S. Pat. No.
4,810,648 and DNA molecules containing these genes are
available under ATCC Accession Nos. 53435, 67441, and
67442. Cloning and expression of DNA coding for a gluta-
thione S-transferase is described by Hayes et al., Biochem.
J. 285:173 (1992).

Unless otherwise specifically explained, all technical and
scientific terms used herein have the same meaning as
commonly understood by those of ordinary skill in the art to
which this disclosure belongs. Definitions of common terms
in molecular biology can be found in, for example: Lewin,
Genes V, Oxford University Press, 1994 (ISBN 0-19-
854287-9); Kendrew et al. (eds.), The Encyclopedia of
Molecular Biology, Blackwell Science Ltd., 1994 (ISBN
0-632-02182-9); and Meyers (ed.), Molecular Biology and
Biotechnology: A Comprehensive Desk Reference, VCH
Publishers, Inc., 1995 (ISBN 1-56081-569-8).

This disclosure provides nucleic acid molecules compris-
ing a synthetic nucleotide sequence that may function as a
bidirectional promoter. In some embodiments, a synthetic
bidirectional promoter may be operably linked to one or two
nucleotide sequence(s) of interest. For example, a synthetic
bidirectional promoter may be operably linked to one or two
nucleotide sequence(s) of interest (e.g., two genes, one on
each end of the promoter), so as to regulate transcription of
at least one (e.g., one or both) of the nucleotide sequence(s)
of interest. By incorporating a URS from a SCBV promoter
in the synthetic bidirectional promoter, particular expression
and regulatory patterns (e.g., such as are exhibited by genes
under the control of the SCBV promoter) may be achieved
with regard to a nucleotide sequence of interest that is
operably linked to the synthetic bidirectional promoter.

Some embodiments of the invention are exemplified
herein by incorporating a minimal core promoter element
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from a unidirectional maize ubiquitin-1 gene (ZmUbil)
promoter into a molecular context different from that of the
native promoter to engineer a synthetic bidirectional pro-
moter. This minimal core promoter element is referred to
herein as “minUbilP,” and is approximately 200 nt in length.
Sequencing and analysis of minUbilP elements from mul-
tiple Zea species and Z. mays genotypes has revealed that
functional minUbilP elements are highly conserved, such
that a minUbilP element may element may preserve its
function as an initiator of transcription if it shares, for
example, at least about 75%; at least about 80%; at least
about 85%; at least about 90%; at least about 91%; at least
about 92%; at least about 93%; at least about 94%; at least
about 95%; at least about 96%; at least about 97%; at least
about 98%; at least about 99%; and/or at least about 100%
sequence identity to the minUbilP element of SEQ ID
NO:1. Characteristics of minUbilP elements that may be
useful in some embodiments of the invention may include,
for example and without limitation, the aforementioned high
conservation of nucleotide sequence; the presence of at least
one TATA box; and/or the presence of at least one (e.g., two)
heat shock consensus element(s). In particular minUbilP
elements, more than one heat shock consensus elements may
be overlapping within the minUbilP sequence.

In some embodiments, the process of incorporating a
minUbilP element into a molecular context different from
that of a native promoter to engineer a synthetic bidirec-
tional promoter may comprise incorporating the minUbilP
element into a SCBV promoter nucleic acid, while reversing
the orientation of the minUbilP element with respect to the
remaining sequence of the SCBV promoter. Thus, a syn-
thetic SCBV bidirectional promoter may comprise a
minUbilP minimal core promoter element located 3' of, and
in reverse orientation with respect to, a SCBV promoter
nucleotide sequence, such that it may be operably linked to
a nucleotide sequence of interest located 3' of the SCBV
promoter nucleotide sequence. For example, the minUbilP
element may be incorporated at the 3' end of a SCBV
promoter in reverse orientation.

A synthetic bidirectional SCBV promoter may also com-
prise one or more additional sequence elements in addition
to a minUbilP element and elements of a native SCBV
promoter. In some embodiments, a synthetic bidirectional
SCBYV promoter may comprise a promoter URS; an exon
(e.g., a leader or signal peptide); an intron; a spacer
sequence; and or combinations of one or more of any of the
foregoing. For example and without limitation, a synthetic
bidirectional SCBV promoter may comprise a URS
sequence from a SCBV promoter; an intron from a ADH
gene; an exon encoding a leader peptide from a Ubil gene;
an intron from a Ubil gene; and combinations of these.

In some of those examples comprising a synthetic bidi-
rectional SCBV promoter comprising a promoter URS, the
URS may be selected to confer particular regulatory prop-
erties on the synthetic promoter. Known promoters vary
widely in the type of control they exert on operably linked
genes (e.g., environmental responses, developmental cues,
and spatial information), and a URS incorporated into a
heterologous promoter typically maintains the type of con-
trol the URS exhibits with regard to its native promoter and
operably linked gene(s). Langridge et al. (1989), supra.
Examples of eukaryotic promoters that have been charac-
terized and may contain a URS comprised within a synthetic
bidirectional Ubil promoter according to some embodi-
ments include, for example and without limitation: those
promoters described in U.S. Pat. No. 6,437,217 (maize RS81
promoter); U.S. Pat. No. 5,641,876 (rice actin promoter);

10

15

20

25

30

35

40

45

50

55

60

65

26

U.S. Pat. No. 6,426,446 (maize RS324 promoter); U.S. Pat.
No. 6,429,362 (maize PR-1 promoter); U.S. Pat. No. 6,232,
526 (maize A3 promoter); U.S. Pat. No. 6,177,611 (consti-
tutive maize promoters); U.S. Pat. No. 6,433,252 (maize L3
oleosin promoter); U.S. Pat. No. 6,429,357 (rice actin 2
promoter, and rice actin 2 intron); U.S. Pat. No. 5,837,848
(root-specific promoter); U.S. Pat. No. 6,294,714 (light-
inducible promoters); U.S. Pat. No. 6,140,078 (salt-induc-
ible promoters); U.S. Pat. No. 6,252,138 (pathogen-induc-
ible promoters); U.S. Pat. No. 6,175,060 (phosphorous
deficiency-inducible promoters); U.S. Pat. No. 6,388,170
(bidirectional promoters); U.S. Pat. No. 6,635,806 (gamma-
coixin promoter); and U.S. patent application Ser. No.
09/757,089 (maize chloroplast aldolase promoter).

Additional exemplary prokaryotic promoters include the
nopaline synthase (NOS) promoter (Ebert et al. (1987) Proc.
Natl. Acad. Sci. USA 84(16):5745-9); the octopine synthase
(OCS) promoter (which is carried on tumor-inducing plas-
mids of Agrobacterium tumefaciens); the caulimovirus pro-
moters such as the cauliflower mosaic virus (CaMV) 19S
promoter (Lawton et al. (1987) Plant Mol. Biol. 9:315-24);
the CaMV 35S promoter (Odell et al. (1985) Nature 313:
810-2; the figwort mosaic virus 35S-promoter (Walker et al.
(1987) Proc. Natl. Acad. Sci. USA 84(19):6624-8); the
sucrose synthase promoter (Yang and Russell (1990) Proc.
Natl. Acad. Sci. USA 87:4144-8); the R gene complex
promoter (Chandler et al. (1989) Plant Cell 1:1175-83);
CaMV35S (U.S. Pat. Nos. 5,322,938, 5,352,605, 5,359,142,
and 5,530,196); FMV35S (U.S. Pat. Nos. 6,051,753, and
5,378,619); a PC1SV promoter (U.S. Pat. No. 5,850,019);
the SCP1 promoter (U.S. Pat. No. 6,677,503); and
AGRtu.nos promoters (GenBank Accession No. V00087,
Depicker et al. (1982) J. Mol. Appl. Genet. 1:561-73; Bevan
et al. (1983) Nature 304:184-7), and the like.

In some embodiments, a synthetic bidirectional SCBV
promoter may further comprise an exon. For example, in
examples it may be desirable to target or traffic a polypeptide
encoded by a nucleotide sequence of interest operably linked
to the promoter to a particular subcellular location and/or
compartment. In these and other embodiments, a coding
sequence (exon) may be incorporated into a nucleic acid
molecule between the remaining synthetic bidirectional
SCBYV promoter sequence and a nucleotide sequence encod-
ing a polypeptide. These elements may be arranged accord-
ing to the discretion of the skilled practitioner such that the
synthetic bidirectional SCBV promoter promotes the
expression of a polypeptide (or one or both of two polypep-
tide-encoding sequences that are operably linked to the
promoter) comprising the peptide encoded by the incorpo-
rated coding sequence in a functional relationship with the
remainder of the polypeptide. In particular examples, an
exon encoding a leader, transit, or signal peptide (e.g., a
Ubil leader peptide) may be incorporated.

Peptides that may be encoded by an exon incorporated
into a synthetic bidirectional Ubil promoter include, for
example and without limitation: a Ubiquitin (e.g., Ubil)
leader peptide; a chloroplast transit peptide (CTP) (e.g., the
A. thaliana EPSPS CTP (Klee et al. (1987) Mol. Gen. Genet.
210:437-42), and the Petunia hybrida EPSPS CTP (della-
Cioppa et al. (1986) Proc. Natl. Acad. Sci. USA 83:6873-7)),
as exemplified for the chloroplast targeting of dicamba
monooxygenase (DMO) in International PCT Publication
No. WO 2008/105890.

Introns may also be incorporated in a synthetic bidirec-
tional SCBV promoter in some embodiments of the inven-
tion, for example, between the remaining synthetic bidirec-
tional SCBV promoter sequence and a nucleotide sequence
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of interest that is operably linked to the promoter. In some
examples, an intron incorporated into a synthetic bidirec-
tional SCBV promoter may be, without limitation, a 5' UTR
that functions as a translation leader sequence that is present
in a fully processed mRNA upstream of the translation start
sequence (such a translation leader sequence may affect
processing of a primary transcript to mRNA, mRNA stabil-
ity, and/or translation efficiency). Examples of translation
leader sequences include maize and peruria heat shock
protein leaders (U.S. Pat. No. 5,362,865), plant virus coat
protein leaders, plant rubisco leaders, and others. See, e.g.,
Turner and Foster (1995) Molecular Biotech. 3(3):225-36.
Non-limiting examples of 5' UTRs include GmHsp (U.S.
Pat. No. 5,659,122); PhDnaK (U.S. Pat. No. 5,362,865);
AtAntl; TEV (Carrington and Freed (1990) J. Virol
64:1590-7); and AGRtunos (GenBank Accession No.
V00087; and Bevan et al. (1983) Nature 304:184-7). In
particular examples, a Ubil and/or ADH intron(s) may be
incorporated in a synthetic bidirectional SCBV promoter.

Additional sequences that may optionally be incorporated
into a synthetic bidirectional SCBV promoter include, for
example and without limitation: 3' non-translated sequences;
3' transcription termination regions; and polyadenylation
regions. These are genetic elements located downstream of
a nucleotide sequence of interest (e.g., a sequence of interest
that is operably linked to a synthetic bidirectional SCBV
promoter), and include polynucleotides that provide poly-
adenylation signal, and/or other regulatory signals capable
of affecting transcription, mRNA processing, or gene
expression. A polyadenylation signal may function in plants
to cause the addition of polyadenylate nucleotides to the 3'
end of a mRNA precursor. The polyadenylation sequence
may be derived from the natural gene, from a variety of plant
genes, or from T-DNA genes. A non-limiting example of a
3' transcription termination region is the nopaline synthase
3' region (nos 3'; Fraley et al. (1983) Proc. Natl. Acad. Sci.
USA4 80:4803-7). An example of the use of different 3'
nontranslated regions is provided in Ingelbrecht et al.
(1989), Plant Cell 1:671-80. Non-limiting examples of
polyadenylation signals include one from a Pisum sativum
RbcS2 gene (Ps.RbeS2-E9; Coruzzi et al. (1984) EMBO J.
3:1671-9) and AGRtu.nos (GenBank Accession No.
E01312).

In some embodiments, a synthetic bidirectional SCBV
promoter comprises one or more nucleotide sequence(s) that
facilitate targeting of a nucleic acid comprising the promoter
to a particular locus in the genome of a target organism. For
example, one or more sequences may be included that are
homologous to segments of genomic DNA sequence in the
host (e.g., rare or unique genomic DNA sequences). In some
examples, these homologous sequences may guide recom-
bination and integration of a nucleic acid comprising a
synthetic bidirectional SCBV promoter at the site of the
homologous DNA in the host genome. In particular
examples, a synthetic bidirectional SCBV promoter com-
prises one or more nucleotide sequences that facilitate
targeting of a nucleic acid comprising the promoter to a rare
or unique location in a host genome utilizing engineered
nuclease enzymes that recognize sequence at the rare or
unique location and facilitate integration at that rare or
unique location. Such a targeted integration system employ-
ing zinc-finger endonucleases as the nuclease enzyme is
described in U.S. patent application Ser. No. 13/011,735, the
contents of the entirety of which are incorporated herein by
this reference.

Nucleic acids comprising a synthetic bidirectional SCBV
promoter may be produced using any technique known in
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the art, including for example and without limitation: RCA;
PCR amplification; RT-PCR amplification; OLA; and
SNuPE. These and other equivalent techniques are well
known to those of skill in the art, and are further described
in detail in, for example and without limitation: Sambrook
et al., Molecular Cloning: A Laboratory Manual, 3™ BEd.,
Cold Spring Harbor Laboratory, 2001; and Ausubel et al.,
Current Protocols in Molecular Biology, John Wiley &
Sons, 1998. All of the references cited above, including both
of the foregoing manuals, are incorporated herein by this
reference in their entirety, including any drawings, figures,
and/or tables provided therein.

Delivery and/or transformation: The present disclosure
also provides methods for transforming a cell with a nucleic
acid molecule comprising a synthetic bidirectional SCBV
promoter. Any of the large number of techniques known in
the art for introduction of nucleic acid molecules into plants
may be used to transform a plant with a nucleic acid
molecule comprising a synthetic bidirectional SCBV pro-
moter according to some embodiments, for example, to
introduce one or more synthetic bidirectional SCBV pro-
moters into the host plant genome, and/or to further intro-
duce one or more nucleic acid molecule(s) of interest
operably linked to the promoter.

Suitable methods for transformation of plants include any
method by which DNA can be introduced into a cell, for
example and without limitation: electroporation (see, e.g.,
U.S. Pat. No. 5,384,253); microprojectile bombardment
(see, e.g., U.S. Pat. Nos. 5,015,580, 5,550,318, 5,538,880,
6,160,208, 6,399,861, and 6,403,865); Agrobacterium-me-
diated transformation (see, e.g., U.S. Pat. Nos. 5,635,055,
5,824,877, 5,591,616, 5,981,840, and 6,384,301); and pro-
toplast transformation (see, e.g., U.S. Pat. No. 5,508,184).
Through the application of techniques such as the foregoing,
the cells of virtually any plant species may be stably
transformed, and these cells may be developed into trans-
genic plants by techniques known to those of skill in the art.
For example, techniques that may be particularly useful in
the context of cotton transformation are described in U.S.
Pat. Nos. 5,846,797, 5,159,135, 5,004,863, and 6,624,344,
techniques for transforming Brassica plants in particular are
described, for example, in U.S. Pat. No. 5,750,871; tech-
niques for transforming soya are described, for example, in
U.S. Pat. No. 6,384,301; and techniques for transforming
maize are described, for example, in U.S. Pat. Nos. 7,060,
876 and 5,591,616, and International PCT Publication WO
95/06722.

After effecting delivery of an exogenous nucleic acid to a
recipient cell, the transformed cell is generally identified for
further culturing and plant regeneration. In order to improve
the ability to identify transformants, one may desire to
employ a selectable or screenable marker gene with the
transformation vector used to generate the transformant. In
this case, the potentially transformed cell population can be
assayed by exposing the cells to a selective agent or agents,
or the cells can be screened for the desired marker gene trait.

Cells that survive the exposure to the selective agent, or
cells that have been scored positive in a screening assay,
may be cultured in media that supports regeneration of
plants. In some embodiments, any suitable plant tissue
culture media (e.g., MS and N6 media) may be modified by
including further substances, such as growth regulators.
Tissue may be maintained on a basic media with growth
regulators until sufficient tissue is available to begin plant
regeneration efforts, or following repeated rounds of manual
selection, until the morphology of the tissue is suitable for
regeneration (e.g., at least 2 weeks), then transferred to
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media conducive to shoot formation. Cultures are trans-
ferred periodically until sufficient shoot formation has
occurred. Once shoots are formed, they are transferred to
media conducive to root formation. Once sufficient roots are
formed, plants can be transferred to soil for further growth
and maturity.

To confirm the presence of the desired nucleic acid
molecule comprising a synthetic bidirectional SCBV pro-
moter in the regenerating plants, a variety of assays may be
performed. Such assays include, for example: molecular
biological assays, such as Southern and Northern blotting
and PCR; biochemical assays, such as detecting the presence
of a protein product, e.g., by immunological means (ELISA
and/or Western blots) or by enzymatic function; plant part
assays, such as leaf or root assays; and analysis of the
phenotype of the whole regenerated plant.

Targeted integration events may be screened, for example,
by PCR amplification using, e.g., oligonucleotide primers
specific for nucleic acid molecules of interest. PCR geno-
typing is understood to include, but not be limited to,
polymerase-chain reaction (PCR) amplification of genomic
DNA derived from isolated host plant callus tissue predicted
to contain a nucleic acid molecule of interest integrated into
the genome, followed by standard cloning and sequence
analysis of PCR amplification products. Methods of PCR
genotyping have been well described (see, e.g., Rios et al.
(2002), Plant J. 32:243-53), and may be applied to genomic
DNA derived from any plant species or tissue type, includ-
ing cell cultures. Combinations of oligonucleotide primers
that bind to both target sequence and introduced sequence
may be used sequentially or multiplexed in PCR amplifica-
tion reactions. Oligonucleotide primers designed to anneal
to the target site, introduced nucleic acid sequences, and/or
combinations of the two may be produced. Thus, PCR
genotyping strategies may include, for example and without
limitation: amplification of specific sequences in the plant
genome; amplification of multiple specific sequences in the
plant genome; amplification of non-specific sequences in the
plant genome; and combinations of any of the foregoing.
One skilled in the art may devise additional combinations of
primers and amplification reactions to interrogate the
genome. For example, a set of forward and reverse oligo-
nucleotide primers may be designed to anneal to nucleic acid
sequence(s) specific for the target outside the boundaries of
the introduced nucleic acid sequence.

Forward and reverse oligonucleotide primers may be
designed to anneal specifically to an introduced nucleic acid
molecule, for example, at a sequence corresponding to a
coding region within a nucleotide sequence of interest
comprised therein, or other parts of the nucleic acid mol-
ecule. These primers may be used in conjunction with the
primers described above. Oligonucleotide primers may be
synthesized according to a desired sequence, and are com-
mercially available (e.g., from Integrated DNA Technolo-
gies, Inc., Coralville, lowa). Amplification may be followed
by cloning and sequencing, or by direct sequence analysis of
amplification products. One skilled in the art might envision
alternative methods for analysis of amplification products
generated during PCR genotyping. In one embodiment,
oligonucleotide primers specific for the gene target are
employed in PCR amplifications.

Some embodiments of the present invention also provide
cells comprising a synthetic bidirectional SCBV promoter,
for example, as may be present in a nucleic acid construct.
In particular examples, a synthetic bidirectional SCBV
promoter according to some embodiments may be utilized as
a regulatory sequence to regulate the expression of trans-
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genes in plant cells and plants. In some such examples, the
use of a synthetic bidirectional SCBV promoter operably
linked to a nucleotide sequence of interest (e.g., a transgene)
may reduce the number of homologous promoters needed to
regulate expression of a given number of nucleotide
sequences of interest, and/or reduce the size of the nucleic
acid construct(s) required to introduce a given number of
nucleotide sequences of interest. Furthermore, use of a
synthetic bidirectional SCBV promoter may allow co-ex-
pression of two operably linked nucleotide sequence of
interest under the same conditions (i.e., the conditions under
which the SCBV promoter is active). Such examples may be
particularly useful, e.g., when the two operably linked
nucleotide sequences of interest each contribute to a single
trait in a transgenic host comprising the nucleotide
sequences of interest, and co-expression of the nucleotide
sequences of interest advantageously impacts expression of
the trait in the transgenic host.

In some embodiments, a transgenic plant comprising one
or more synthetic bidirectional SCBV promoter(s) and/or
nucleotide sequence(s) of interest may have one or more
desirable traits conferred (e.g., introduced, enhanced, or
contributed to) by expression of the nucleotide sequence(s)
of interest in the plant. Such traits may include, for example
and without limitation: resistance to insects, other pests, and
disease-causing agents; tolerances to herbicides; enhanced
stability, yield, or shelf-life; environmental tolerances; phar-
maceutical production; industrial product production; and
nutritional enhancements. In some examples, a desirable
trait may be conferred by transformation of a plant with a
nucleic acid molecule comprising a synthetic bidirectional
SCBYV promoter operably linked to a nucleotide sequence of
interest. In some examples, a desirable trait may be con-
ferred to a plant produced as a progeny plant via breeding,
which trait may be conferred by one or more nucleotide
sequences of interest operably linked to a synthetic bidirec-
tional SCBV promoter that is/are passed to the plant from a
parent plant comprising a nucleotide sequence of interest
operably linked to a synthetic bidirectional SCBV promoter.

A transgenic plant according to some embodiments may
be any plant capable of being transformed with a nucleic
acid molecule of the invention, or of being bred with a plant
transformed with a nucleic acid molecule of the invention.
Accordingly, the plant may be a dicot or monocot. Non-
limiting examples of dicotyledonous plants for use in some
examples include: alfalfa; beans; broccoli; cabbage; canola,
carrot; cauliflower; celery; Chinese cabbage; cotton; cucum-
ber; eggplant; lettuce; melon; pea; pepper; peanut; potato;
pumpkin; radish; rapeseed; spinach; soybean; squash; sug-
arbeet; sunflower; tobacco; tomato; and watermelon. Non-
limiting examples of monocotyledonous plants for use in
some examples include: corn; onion; rice; sorghum; wheat;
rye; millet; sugarcane; oat; triticale; switchgrass; and turf-
grass.

In some embodiments, a transgenic plant may be used or
cultivated in any manner, wherein presence a synthetic
bidirectional SCBV promoter and/or operably linked
nucleotide sequence of interest is desirable. Accordingly,
such transgenic plants may be engineered to, inter alia, have
one or more desired traits, by being transformed with nucleic
acid molecules according to the invention, and may be
cropped and/or cultivated by any method known to those of
skill in the art.

While the invention has been described with reference to
specific methods and embodiments, it will be appreciated
that various modifications and changes may be made with-
out departing from the invention. All publications cited
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herein are expressly incorporated herein by reference for the
purpose of describing and disclosing compositions and
methodologies that might be used in connection with the
invention. All cited patents, patent applications, and
sequence information in referenced websites and public
databases are also incorporated by reference.

The following examples are provided to illustrate certain
particular features and/or embodiments. The examples
should not be construed to limit the disclosure to the
particular features or embodiments exemplified.

EXAMPLES
Example 1
Transformation and Expression

Transformation of Agrobacterium tumefaciens: The
pDAB108706 binary vector was transformed into Agrobac-
terium tumefaciens strain DAt13192 ternary (U.S. Prov. Pat.
No. 61/368,965). Bacterial colonies were isolated and binary
plasmid DNA was isolated and confirmed via restriction
enzyme digestion.

Corn Transformation: Ear Sterilization and Embryo Iso-
lation. To obtain maize immature embryos, plants of Zea
mays (c.v. B104) were grown in the greenhouse and self or
sib-pollinated to produce ears. The ears were harvested
approximately 9-12 days post-pollination. On the day of the
experiment, ears were surface-sterilized by immersion in a
20% solution of household bleach, which contained 5%
sodium hypochlorite, and shaken for 20-30 minutes, fol-
lowed by three rinses in sterile water. After sterilization,
immature zygotic embryos (1.5-2.2 mm) were aseptically
dissected from each ear and randomly distributed into
micro-centrifuge tubes containing liquid infection media
(LS Basal Medium, 4.43 gm/L.; N6 Vitamin Solution
[1000x], 1.00 mL/L; L-proline, 700.0 mg/L; sucrose, 68.5
gm/L; glucose, 36.0 gm/L; 2,4-D, 1.50 mg/L.. For a given set
of experiments, pooled embryos from 2-3 ears were used for
each treatment.

Agrobacterium Culture Initiation: Glycerol stocks of
Agrobacterium containing the binary vectors described
above were streaked on AB minimal medium plates con-
taining appropriate antibiotics and were grown at 20° C. for
3-4 days. A single colony was picked and streaked onto YEP
plates containing the same antibiotics and was incubated at
28° C. for 1-2 days.

Agrobacterium Culture and Co-cultivation: On the day of
the experiment, Agrobacterium colonies were taken from the
YEP plate, suspended in 10 mL of infection medium in a 50
ml, disposable tube, and the cell density was adjusted to
0OD600=0.2-0.4 nm using a spectrophotometer. The Agro-
bacterium cultures were placed on a rotary shaker at 100
rpm, room temperature, while embryo dissection was per-
formed. Immature zygotic embryos between 1.5-2.2 mm in
size were isolated from the sterilized maize kernels and
placed in 1 mL of the infection medium and washed once in
the same medium. The Agrobacterium suspension (2 mL)
was added to each tube and the tubes were inverted for about
20 times then shaken for 10-15 minutes. The embryos were
transferred onto co-cultivation media (MS Salts, 4.33 gm/L;
L-proline, 700.0 mg/L; myo-inositol, 100.0 mg/L; casein
enzymatic hydrolysate 100.0 mg/L; Dicamba-3.30 mg/L;
sucrose, 30.0 gm/L; Gelzan™, 3.00 gm/L.; modified MS-
Vitamin [1000x], 1.00 ml/L., AgNo,, 15.0 mg/L; Acetosy-
ringone, 100 uM), oriented with the scutellum facing up, and
incubated for 3-4 days in the light at 25° C.
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GUS and YFP/PhiYFP Transient expression: Transient
YFP/PhiYFP and GUS expression could be observed in
transformed embryos and after 3 days of co-cultivation with
Agrobacterium. The embryos were observed under a stereo-
microscope (Leica Microsystems, Buffalo Grove, I11.) using
YFP filter and 500 nm light source. Embryos showing
YFP/PhiYFP expression were selected for GUS histochemi-
cal assay. GUS staining solution was prepared as described
in Maniatis et al. (1989) and embryos were incubated in 1
ml solution for 24 hours at 37° C. The embryos were
observed for GUS transient expression under the micro-
scope.

Callus Selection and Regeneration of Putative Events:
Following the co-cultivation period, embryos were trans-
ferred to resting media (MS salts, 4.33 gnv/L; L-proline,
700.0 mg/L; myo-inositol, 100.0 mg/L; MES [(2-(n-mor-
pholino)-ethanesulfonic acid), free acid] 500.0 mg/L; casein
enzymatic hydrolysate 100.0 mg/L.; Dicamba, 3.30 mg/L;
sucrose, 30.0 gm/L; Gelzan 2.30 gm/L; modified MS-Vita-
min [1000x], 1.00 ml/L; AgNo,, 15.0 mg/L; Carbenicillin,
250.0 mg/L.) without selective agent and incubated in the
light for 7 days at 28° C. Embryos were transferred onto
Selection 1 media (MS salts, 4.33 gm/L; L-proline, 700.0
mg/L; myo-inositol, 100.0 mg/L.; MES [(2-(n-morpholino)-
ethanesulfonic acid), free acid] 500.0 mg/L; casein enzy-
matic hydrolysate 100.0 mg/l.; Dicamba, 3.30 mg/L;
sucrose, 30.0 gm/L; Gelzan™ 2.30 gm/L; modified MS-
Vitamin [1000x], 1.00 ml/L; AgNo,, 15.0 mg/L; Carbeni-
cillin, 250.0 mg/L) containing 100 nM haloxyfop and incu-
bated in 24 hours light with light intensity of 50 umol m=2s™*
for 7 days at 28° C.

Embryos with proliferating embryogenic calli were trans-
ferred onto Selection 2 media (MS salts, 4.33 gm/L; myo-
inositol, 100.0 mg/L; L-proline, 700.0 mg/L; MES [(2-(n-
morpholino)-ethanesulfonic acid), free acid] 500.0 mg/L;
casein enzymatic hydrolysate 100.0 mg/L; Dicamba, 3.30
mg/L; sucrose, 30.0 gnm/L; Gelzan™ 2.30 gm/L; modified
MS-Vitamin [1000x], 1.00 ml/L; AgNo, 15.0 mg/I; Car-
benicillin, 250.0 mg/.) containing 500 nM haloxyfop and
were incubated in 24 hours light with light intensity of 50
pmol m~2s~! for another 14 days at 28° C. This selection step
allowed transgenic callus to further proliferate and differ-
entiate. The callus selection period lasted for three weeks.
Proliferating, embryogenic calli were transferred onto
Regeneration 1 media (MS salts, 4.33 gm/L; myo-inositol,
100.0 mg/L; L-proline, 350.0 mg/l.; MES [(2-(n-mor-
pholino)-ethanesulfonic acid), free acid] 250.0 mg/L; casein
enzymatic hydrolysate 50.0 mg/L; NAA 0.500 mg/L; ABA
2.50 mg/L; BA 1.00 mg/L; sucrose, 45.0 gm/L; Gelzan™
2.50 gm/L; modified MS-Vitamin [1000x], 1.00 ml/L;
AgNos, 1.00 mg/L; Carbenicillin, 250.0 mg/L.) containing
500 nM haloxyfop and cultured in 24 hours light with light
intensity of 50 umol m~2s™* for 7 days at 28° C. Embryo-
genic calli with shoot-like buds were transferred onto
Regeneration 2 media (MS salts, 4.33 gm/L; modified
MS-Vitamin [1000x], 1.00 ml/L; myo-inositol, 100.0 mg/L;
sucrose, 60.0 gm/L; Gellan Gum G434™ 3.00 gnm/L; Car-
benicillin, 250.0 mg/L.) containing 500 nM haloxyfop. The
cultures were incubated under 24 hours light with light
intensity of 50 pmol m=3s~" for 7-10 days at 28° C. Small
shoots with primary roots were transferred to shoot elonga-
tion and rooting media (MS salts, 4.33 gm/L; modified
MS-Vitamin [1000x], 1.00 ml/L; myo-inositol, 100.0 mg/L;
sucrose, 60.0 gm/L; Gellan Gum G434™ 3.00 gnm/L; Car-
benicillin, 250.0 mg/l.) in MAGENTA™ boxes (Sigma-
Aldrich, St. Louis, Mo.), and were incubated under 16/8
hours light/dark for 7 days at 28° C. Putative transgenic
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plantlets were analyzed for transgene copy number and
transferred to the greenhouse.

Example 2

Construction of a Synthetic Bidirectional SCBV
Promoter and pDAB108708 Vector

An exemplary schematic drawing of the maize Ubig-
uitin-1 promoter (Ubil) is shown in FIG. 1. An Ubil
promoter was cloned from maize. A plasmid which con-
tained the promoter was PCR amplified using a high-fidelity
PCR amplification system. An approximately 200 nt region
of the maize Ubil promoter was identified as a Zea mays
Ubil minimal core promoter (minUbilP) (SEQ ID NO: 1).
The minUbilP of SEQ ID NO: 1 was then added to a
polynucleotide comprising a Zea mays Ubiquitin-1 exon
(ZmUbil exon) and a Zea mays Ubiquitin-1 intron (ZmUbil
intron) using cloning methods commonly known in the art to
produce the polynucleotide of SEQ ID NO: 2. The resulting
polynucleotide was then cloned upstream in reverse orien-
tation of a nucleic acid comprising the maize Ubil promoter
(including the Ubil URS) to produce the synthetic bidirec-
tional Ubil promoter of SEQ ID NO: 3.

Reporter gene coding sequences were cloned downstream
of each end of the synthetic bidirectional Ubil promoter. A
yellow fluorescence protein (YFP) coding sequence was
inserted downstream of the polynucleotide fragment, which
contained the minUbilP, ZmUbil exon, and ZmUbil intron
promoter elements. In addition, a downstream leader
sequence containing a 3-frame stop polynucleotide sequence
and the maize consensus polynucleotide sequence was
added to the minUbilP, ZmUbil, exon and ZmUbil intron
promoter elements fragment. A uidA (GUS) coding
sequence was also inserted downstream of the synthetic
bidirectional Ubil promoter in reverse orientation with
respect to the YFP sequence to produce the nucleic acid of
SEQ ID NO: 4. The resulting polynucleotide comprising the
synthetic bidirectional Ubil promoter operably linked to the
YFP and GUS genes was cloned into plasmid pDAB105801.
FIG. 4 shows the orientation of the YFP and GUS expression
cassette in relation to the synthetic bidirectional Ubil pro-
moter in plasmid pDAB105801.

The native Ubil promoter sequence was removed from
the bidirectional Ubil promoter of plasmid pDAB105801
and replaced with a PCR amplified fragment containing the
SCBYV promoter and ADH intron (SEQ ID NO: 6). The
resulting exemplary synthetic bidirectional SCBV promoter
is set forth as SEQ ID NO: 5 (also see FIG. 5). The addition
of this SCBV promoter resulted in the completion of vector
pDAB105806 (FIG. 6). This vector contained the YFP and
GUS gene expression cassettes which were driven by the
SCBYV bidirectional promoter (SEQ ID NO: 7; also see FIG.
D.

A binary vector which contained the GUS and YFP gene
expression cassettes from plasmid pDAB105806 was com-
pleted via a GATEWAY L[-R CLONASE reaction (Invitro-
gen, Carlsbad, Calif.). The resulting vector, pDAB108708,
contained the GUS, YFP, and AAD-1 gene expression
cassettes within the T-strand region (see FIG. 9).

Example 3

Expression of Genes Operably Linked to a
Synthetic Bidirectional SCBV Promoter

Representative examples of YFP and GUS transient
expression in Zea mays embryos transformed with
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pDAB108708 were imaged. Both sides of the bidirectional
SCBV promoter drove robust expression of the operably
linked YFP and GUS coding sequences. The YFP expression
levels were comparable to the GUS expression levels. These
observations confirmed that both sides of the bidirectional
SCBYV promoter are biologically functional. Moreover, the
minUbilP element of the synthetic bidirectional SCBV
promoter could express YFP at similar expression levels as
compared to Zea mays callus transformed with a binary
plasmid (pDAB101556) that contained only a unidirectional
ZmUbil promoter driving the YFP coding sequence.
Expression of YFP or GUS was not detected in negative
control immature embryos which were not transformed with
a binary construct, and did not contain the YFP or GUS
coding sequences.

Example 4

Stable Expression of Genes Operably Linked to a
Synthetic Bidirectional SCBV Promoter

Images of Zea mays callus cells that are stably trans-
formed with the pDAB108708 binary vector, which contains
a YFP coding sequence, were observed. These cells were
obtained from Z. mays embryos that have been propagating
on Selection 2 medium. The bidirectional SCBV promoter
drove robust expression of the YFP coding sequences. These
results confirmed that the Min-UbilP minimal promoter
element of the bidirectional SCBV promoter was capable of
expressing a reporter gene in stably transformed Z. mays
callus cells. The levels of expression of the YFP protein were
similar as compared to YFP expression in Z. mays callus
transformed with a control binary vector that contained the
unidirectional ZmUbil promoter driving the YFP coding
sequence (pDAB101556). Expression of YFP was not
detected in the negative control callus that was not trans-
formed with a binary construct and did not contain a YFP or
GUS coding sequence.

Example 5

Transgene Copy Number Estimation Using Real
Time TagMan™ PCR

Zea mays embryos were transformed with a binary vector
containing a bidirectional SCBV promoter, pDAB108708,
and other plants were transformed with a control binary
vector, pDAB101556. The presence of YFP transgenes
within the genome of both set of Z mays plants was
confirmed via a hydrolysis probe assay. Stably transformed
transgenic Z. mays plantlets that developed from the callus
were obtained and analyzed to identify events that contain a
low copy number (1-2 copies) of full-length T-strand inserts
from the pDAB108708 binary vector and pDAB101556
control binary vector. Identified plantlets were advanced to
the green house and grown.

The Roche Light Cycler 480™ system was used to
determine the transgene copy number for events that were
transformed with the pDAB108708 binary vector. The
method utilizes a biplex TAQMAN® reaction that employs
oligonucleotides specific to the YFP gene and to the endog-
enous Z. mays reference gene, invertase (Genbank Acces-
sion No: U16123.1), in a single assay. Copy number and
zygosity were determined by measuring the intensity of
YFP-specific fluorescence, relative to the invertase-specific
fluorescence, as compared to known copy number standards.
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In Z. mays transformed with the pDAB108708 binary
vector, a YFP gene-specific DNA fragment was amplified
with one TAQMAN® primer/probe set containing a probe
labeled with FAM fluorescent dye, and invertase was ampli-
fied with a second TAQMAN® primer/probe set containing

36
TABLE 3

TAQMAN ® PCR reaction mixture.

Final

! Number of Reactions pl each Concentration
a probe labeled with HEX fluorescence (Table 2). The PCR
reaction mixture was prepared as set forth in Table 3, and the H,0 0.5 uL —
gene-specific DNA fragments were amplified according to ;‘(;PCI(;E@( Master Mi 0-; “II: 0-11;"
.. . aster Mix 0
the cgndltlons set forth in Table 4 Copy numb.er and YFP Forward Primer (10 yM) 04 L 04 1M
zygosity of the samples was determined by measuring the 10 YFP Reverse Primer (10 M) 04 pL 0.4 1M
relative intensity of fluorescence specific for the reporter YFP Probe UPL#125 (5 pM) 04 uL 0.2 uM
gene, YFP, to fluorescence specific for the reference gene, Invertase Forward Primer (10 pM) 0.4 pL 0.4 uM
invertase, as compared to known copy number standards.
TABLE 2
Forward and reverse nucleotide primer and fluorescent probes
(synthesized by Integrated DNA Technologies, Coralville, IA)
Primer Name SEQ ID NO: Primer Sequence
YFP Forward Primer SEQ ID NO: 8  GATGCCTCAGTGGGAAAGG
YFP Reverse Primer SEQ ID NO: 9  CCATAGGTGAGAGTGGTGACAA
YFP Probe SEQ ID NO: 41 ROCHE UPL Probe #125 CTTGGAGC
Cat # 04693604001 (Roche, Indianapolis, IN)
Invertase Forward Primer SEQ ID NO: 10 TGGCGGACGACGACTTGT
Invertase Reverse Primer SEQ ID NO: 11 AAAGTTTGGAGGCTGCCGT
Invertase Probe SEQ ID NO: 12 5'HEX/CGAGCAGACCGCCGTGTACTTCT
ACC/3BHQ 1/3'
AAD1 Forward Primer SEQ ID NO: 13 TGTTCGGTTCCCTCTACCAA
AAD1 Reverse Primer SEQ ID NO: 14 CAACATCCATCACCTTGACTGA
AAD1 Probe SEQ ID NO: 15 CACAGAACCGTCGCTTCAGCAACA
40
Standards were created by diluting the vector, TABLE 3-continued
pDAB108708, into Z. mays B104 genomic DNA (gDNA) to
obtain standards with a known relationship of TAQMAN ® PCR reaction mixture.
pDAB108706:gDNA. For example, samples having one; 45
two; and four cop(ies) of vector DNA per one copy of the Z. Final
. Number of Reactions pl each Concentration

mays B104 gDNA were prepared. One and two copy dilu-
tions of the pDAB108706 mixed with the Z. mays B104 Invertase Reverse Primer (10 uM) 0.4 pL 0.4 uM
gDNA standard were validated against a control Z. mays Invertase Probe (5 uM) 0.4 pL 0.2 pM
event that is known to be hemizygous, and a control Z. mays 3 DNA Template 2.0 pL —
event that is known to be homozygous (Z. mays event 278; Total reaction volume 10 pL —
see PCT International Patent Publication No. WO 2011/
022469 A2). A TAQMAN® biplex assay which utilizes he level of il b 46 b
oligonucleotides specific to the AAD1 gene and oligonucle- 55 T .e evel © uoresce.nce that ‘was ge.nerate or eac
otides specific to the endogenous Z. mays reference gene, reaction was analyzed using the Roche LightCycler 480™
invertase, was performed by amplifying and detecting a Thermocycler according to the manufacturer’s directions.
gene-specific DNA fragment for AAD1 with one TAQ- The FAM fluorescent moiety was excited at an optical
MAN® primer/probe set containing a probe labeled with 6 density of 465/510 nm, and the HEX fluorescent moiety was
FAM ﬂuo.rescent dye, and by amthymg an@ detecting a excited at an optical density of 533/580 nm. The copy
gene-specific DNA fragment for invertase with a second . .

. . number was determined by comparison of Target/Reference
TAQMAN® primer/probe set containing a probe labeled | f | tout by the LightCvel
with HEX fluorescence (Table 2). The AADI TAQMAN®  values for unknown samples (output by the LightCycler

. . . ™

reaction mixture was prepared as set forth in Table 3 and the 5 480™) to Target/Reference values of four known copy

specific fragments were amplified according to the condi-
tions set forth in Table 4.

number standards (Null, 1-Copy (hemi), 2-Copy (homo) and
4-Copy).
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TABLE 4

Thermocycler conditions for PCR amplification.

PCR Steps Temp (° C.) Time No. of cycles
Step-1 95 10 minutes 1
Step-2 95 10 seconds 40

59 35 seconds
72 1 second
Step-3 40 10 seconds 1

Results from the transgene copy number analysis of
transgenic plants obtained via transformation with a bidi-
rectional ZmUbil promoter construct (pDAB108706), and
of transgenic plants obtained via transformation with a
control unidirectional ZmUbil promoter YFP construct
(pDAB101556) is shown in Table 5. Only plants with 1-2
copies of the yfp transgene were transferred to the green-
house for further expression analyses.

TABLE 5

Transgene copy number estimation of the transgenic plants obtained
from bidirectional promoter and control constructs.

Number of
Embryos Number of
Construct Transformed  Positive Events  1-2 Copies of YFP
pDAB101566 100 31 13
pDAB108708 113 26 16
Example 6

Whole Plant Stable Expression of Genes Operably
Linked to a Synthetic Bidirectional SCBV
Promoter

Whole plants that contain a low copy number of the
binary plasmid pDAB108708, and plants that contain a low
copy number of the control binary plasmid pDAB101556,
were grown in a greenhouse. These plants were analyzed
using microscopy, where images could be observed showing
YFP expression in T, Z. mays plants that are stably trans-
formed with an exemplary nucleic acid construct comprising
a YFP expression cassette operably linked to a synthetic
SCBYV bidirectional promoter (pDAB108708). Representa-
tive examples of stable expression of YFP in leaf and root
tissue of transgenic T, maize plants obtained from Z. mays
embryos transformed with pDAB108708 showed good YFP
expression. The bidirectional SCBV promoter drove robust
expression of the YFP coding sequences both in leaf tissues
and root tissues. The microscopy analysis also confirmed
that the Min-UbiP1 minimal promoter element in the bidi-
rectional SCBV promoter drives YFP expression at similar
expression levels as compared to Z. mays plants transformed
with a control binary plasmid (pDAB101556) that contains
a unidirectional ZmUbil promoter driving expression of the
YFP coding sequence. The control plants showed stable YFP
expression in leaf tissues and root tissues.

Example 7

Western Blot Analysis of Genes Operably Linked
to a Synthetic Bidirectional SCBV Promoter

Total Soluble Protein: Transformed T, maize plants were
sampled at the V6 developmental stage. A total of four leaf
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punches from the youngest unfolded leaf were sampled into
a matrix tube and placed into a matrix box. As a negative
control, four leaf punches of two untransformed B104 maize
plants at the V6 developmental stage were sampled into a
matrix tube. A steel bead was placed into the matrix tubes
with the samples, and then 400 ul. PBST was added to each
tube. The tubes were capped, and protein was extracted via
bead beating at 1500 rpm for 5 minutes in a Kleco™ tissue
grinder. Debris was pelleted via centrifugation.

A 5 plL sample from each tube was diluted to 25 pl. with
PBST in a 96-well microtiter plate. These samples were
analyzed for total soluble protein using a BCA protein assay
kit (Thermo Scientific Pierce, Rockford, Ill.) according to
the manufacturer’s directions. Bovine serum albumin (BSA)
standards provided in the kit were analyzed in duplicate, and
the average of the values was used to generate a standard
curve that was subsequently used to calculate total soluble
protein for each sample. The total soluble protein for each
sample was then normalized to mg/ul..

TABLE 6

Western blot protocol.

Step Condition Time
First Wash ~ PBST 5 min.
Primary 2 pg/mL rabbit anti-PhiYFP 60 min.
Hybridization (Axxora, San Diego, CA)

in StartingBlock ™ T20 (Thermo

Fisher Scientific Inc., Waltham, MA)
Rinse PBST 3 x 5 min
Secondary horse radish peroxidase (HRP)-conjugated 30 min

oat

Hybridization e%.nti—rabbit 1gG
Second Wash PBST 3 x 5 min
Rinse PBS 3 x 2 min

YFP/PhiYFP Western Blot Analysis: In the 96-well
microtiter plate, each 5 ulL sample of extracted protein was
diluted with 5 plL 2x Laemmli Buffer+2-f-mercaptoethanol.
Control samples of purified YFP/PhiYFP in HEPES buffer
(50 mM HEPES, 200 mM KCl, 10% glycerol) were pur-
chased from Axxora (San Diego, Calif.). The samples were
prepared in the same plate by diluting 1:1 with Laemmli
buffer to produce a standard curve of the following concen-
trations: 0.5 ng/ul,, 0.25 ng/ul., and 0.125 ng/ul.. Samples
were heated in a Thermocycler at 95° C. for 30 minutes, and
then cooled to 4° C. A Bio-Rad Criterion Gel™ was then
assembled using MES/SDS buffer. The samples were
allowed to warm to room temperature, and 10 pL of sample
was loaded into each well of two gels. In addition, samples
of purified YFP/PhiYFP used for a standard curve, and
protein ladder marker, were loaded into wells of the gel. The
gels were electrophoretically run at 150 V and 150 mA for
90 min. After the run, the gel casings were opened and the
proteins were transferred to a nitrocellulose membrane using
the iBlot System™ (Invitrogen). Protein was transferred
from the gel to the membrane by running a current of 20 V
for 10 minutes. The nitrocellulose membrane was removed
and placed in StartingBlock T20™ blocking buffer over-
night at 4° C. The blocking buffer was then discarded, and
the membrane was processed using the protocol set forth in
Table 6.

Antibody binding was detected using the Amersham
ECL™ plus chemiluminescent detection system following
the manufacturer’s directions. Film was exposed at 10
minutes and 30 minutes. The 10 minute exposed film was
used to quantify protein, and the 30 minute overexposure
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film was used to confirm the absence of protein in B104 and
other control samples. The membrane was taped to the back
of the exposed film, and protein was quantified via pixel
density analysis. The pixel density of the purified protein
standards was first used to generate a standard curve that was
used to quantify protein in the samples. Though the mem-
brane showed bands for a PhiYFP monomer and dimer even
in the purified standard, only the PhiYFP monomer was used
to quantify protein expression. Values for the protein were
then normalized to ng/ul.. The ratio of normalized total
soluble protein (TSP) to PhiYFP was calculated to the units
of' ng YFP/mg TSP, or alternatively, parts per million (ppm).

GUS Western Blot Analysis: Expression of GUS protein
was quantified in a similar manner to PhiYFP, with the
following exception: a 10 uL. sample of extract was diluted
1:1 with 2x Laemmli+2-p-mercaptoethanol, denatured at
95° C. for 30 minutes, and then 15 pl. was loaded into the
gel. Processed membranes with film (1 minute exposure)
were overlayed with the membrane for pixel density analy-
sis.

Results of a Western blot analysis of 12 transgenic T,
maize plants obtained from Z. mays embryos transformed
with the binary vector, pDAB108708, are shown in FIG. 16.
The bidirectional SCBV promoter shows robust expression
of the YFP and GUS coding sequences from leaf tissue.
These observations confirmed that the Min-UbiP1 minimal
promoter element isolated from a Zea mays Ubiquitin)
Promoter and fused to the SCBV promoter drove expression
of YFP at similar expression levels as compared to Z. mays
callus transformed with a binary plasmid containing a uni-
directional ZmUbil promoter driving the YFP coding
sequence (pDAB101556; see FIG. 17).

Example 8
Construct of a Four-Gene Cassette Stack

A plasmid pDAB105806 construct was used as the start-
ing plasmid to generate a four-gene cassette stack (AAD1-
2A-PhiYFP and Cry34(8V6)-2A-Cry35) driven by a single
SCBYV bidirectional promoter. A representative map of plas-
mid pDAB105806 is shown in FIG. 6, which contains a
SCBYV bidirectional Promoter.

The AAD1-2A-PhiYFP fragment derived from plasmid
pDAB105841 (FIG. 22) was cloned into the Pstl and Sacl
cut vector backbone of the plasmid pDAB105806 using
cloning methods commonly known in the art. This resulted
in the intermediate plasmid pDAB105847 (FIG. 22). A
Notl/Xbal digested Cry34(8V6)-2A-Cry35 fragment
obtained from the plasmid pDAB105840 was cloned
between Notl/Spel sites of plasmid pDAB105847 to con-
struct plasmid pDAB105849 (FIG. 23). The plasmid
pDAB105849 contains Cry34(8V6)-2A-Cry35 and AADI-
2A-PhiYFP gene cassettes on each side of the SCBV bidi-
rectional promoter.

A binary vector containing the SCBV bidirectional pro-
moter, and gene expression cassettes Cry34(8V6)-2A-Cry35
and AADI1-2A-PhiYFP from plasmid pDAB105849 was
generated via a GATEWAY L-R CLONASE reaction (Invit-
rogen, Carlsbad, Calif.) into a destination plasmid
pDAB101917 (FIG. 24). The resulting vector,
pDAB108719, contains the Cry34(8V6)-2A-Cry35, AADI-
2A-PhiYFP, and PAT gene expression cassettes within the
T-DNA borders (FIG. 24).
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Example 9

Construct of a Second Four-Gene Cassette Stack

A PhiYFP-2A-AADI1 fragment derived from plasmid
pDAB105844 (FIG. 25) was cloned into the Pstl and Sacl
cut vector backbone of the plasmid pDAB105806 using
cloning methods commonly known in the art. This resulted
in the intermediate plasmid pDAB105848 (FIG. 25). A
Notl/Xbal digested Cry34(8V6)-2A-Cry35 fragment
obtained from the plasmid pDAB105840 was cloned
between Notl/Spel sites of plasmid pDAB105848 to con-
struct plasmid pDAB105865 (FIG. 26). The plasmid
pDAB105865 contains Cry34(8V6)-2A-Cry35 and PhiYFP-
2A-AADI1 gene cassettes on each side of the SCBV bidi-
rectional promoter.

A binary vector containing the SCBV bidirectional pro-
moter, and gene cassettes Cry34(8V6)-2A-Cry35 and Phi-
YFP-2A-AAD1 from plasmid pDAB105865 was generated
via a GATEWAY L-R CLONASE reaction (Invitrogen,
Carlsbad, Calif.) into a destination plasmid pDAB101917
(FIG. 24). The resulting vector, pPDAB108720, contains the
Cry34(8V6)-2A-Cry35, PhiYFP-2A-AADI1, and PAT gene
expression cassettes within the T-DNA borders (FIG. 26).

Example 10

Transformation of Agrobacterium tumefaciens
Strain DAt13192

The pDAB108719 and pDAB108720 binary vectors were
transformed into Agrobacterium tumefaciens ternary strain
DAt13192 (see U.S. Prov. Pat. App. No. 61/368,965, the
content of which is hereby incorporated by reference in its
entirety). Bacterial colonies were isolated and binary plas-
mid DNA was extracted and verified via restriction enzyme
digestions.

Example 11
Transformation into Maize

Ear Sterilization and Embryo Isolation: To obtain maize
immature embryos, plants of Zea mays (c.v. B104) were
grown in the greenhouse and self or sib-pollinated to pro-
duce ears. The ears were harvested approximately 9-12 days
post-pollination. On the day of the experiment, ears were
surface-sterilized by immersion in a 20% solution of house-
hold bleach, which contains 5% sodium hypochlorite, and
shaken for 20-30 minutes, followed by three rinses in sterile
water. After sterilization, immature zygotic embryos (1.5-
2.2 mm) were aseptically dissected from each ear and
randomly distributed into micro-centrifuge tubes containing
liquid infection media (LS Basal Medium, 4.43 g/L.; N6
Vitamin Solution [1000x], 1.00 mL/L; L-proline, 700.0
mg/L; sucrose, 68.5 g/L; glucose, 36.0 g/L; 2,4-D, 1.50
mg/L. For a given set of experiments, pooled embryos from
2-3 ears were used for each treatment.

Agrobacterium Culture Initiation: Glycerol stocks of
Agrobacterium strains containing the binary vectors
described above were streaked on AB minimal medium
plates containing appropriate antibiotics and were grown at
20° C. for 3-4 days. A single colony was picked and streaked
onto YEP plates containing the same antibiotics and was
incubated at 28° C. for 1-2 days.

Agrobacterium Culture and Co-cultivation: On the day of
the experiment, Agrobacterium colonies were picked from



US 9,453,235 B2

41

the YEP plate, suspended in 10 mL of infection medium in
a 50 mL disposable tube, and the cell density was adjusted
to OD¢y=0.2-0.4 nm using a spectrophotometer. The Agro-
bacterium cultures were placed on a rotary shaker at 115
rpm, room temperature, while embryo dissection was per-
formed. Immature zygotic embryos between 1.5-2.2 mm in
size were isolated from the sterilized maize kernels and
placed in 1 mL of the infection medium and washed once in
the same medium. The Agrobacterium suspension (2 mL)
was added to each tube and the tubes were inverted for about
20 times then shaken for 10-15 minutes. The embryos were
transferred onto co-cultivation media (MS Salts, 4.33 g/L;
L-proline, 700.0 mg/L; myo-inositol, 100.0 mg/L; casein
enzymatic hydrolysate 100.0 mg/L; Dicamba 3.30 mg/L;
sucrose, 30.0 g/L; Gelzan™, 3.00 g/L.; modified MS-Vita-
min [1000x], 1.00 ml/L; AgNo,, 15.0 mg/L; Acetosyrin-
gone, 100.0 uM), oriented with the scutellum facing up, and
incubated for 3-4 days in the light at 25° C.

YFP/PhiYFP Transient expression: Transient YFP/Phi-
YFP expression was observed in transformed embryos after
3 days of co-cultivation with Agrobacterium. The embryos
were observed under a stereomicroscope (Leica Microsys-
tems, Buffalo Grove, I1l.) using YFP filter and 500 nm light
source.

Callus Selection and Regeneration of Putative Events:
Following the co-cultivation period, embryos were trans-
ferred to resting media (MS salts, 4.33 g/L; L-proline, 700.0
mg/L; myo-inositol, 100.0 mg/L; MES [(2-(n-morpholino)-
ethanesulfonic acid), free acid], 500.0 mg/L; casein enzy-
matic hydrolysate, 100.0 mg/[; Dicamba, 3.30 mg/L;
sucrose, 30.0 g/L; Gelzan™, 2.30 g/L.; modified MS-Vita-
min [1000x], 1.00 ml/L; AgNO;, 15.0 mg/L; Carbenicillin,
250.0 mg/L) without selective agent and incubated in 24
hours light with light intensity of 50 pmol m™2s~! for 7 days
at 28° C. Embryos were transferred onto selection 1 media
(MS salts, 4.33 g/L; L-proline, 700.0 mg/L; myo-inositol,
100.0 mg/L; MES [(2-(n-morpholino)-ethanesulfonic acid),
free acid], 500.0 mg/L; casein enzymatic hydrolysate, 100.0
mg/L; Dicamba, 3.30 mg/L; sucrose, 30.0 g/L; Gelzan™,
230 g/l.; modified MS-Vitamin [1000x], 1.00 ml/L;
AgNO;, 15.0 mg/L; Carbenicillin, 250.0 mg/L), containing
3 mg/L. Bialaphos and incubated in 24 hours light with light
intensity of 50 pmol m=2s~! for 7 days at 28° C.

Embryos with proliferating embryogenic calli were trans-
ferred onto selection 2 media (MS salts, 4.33 g/L.; myo-
inositol, 100.0 mg/L; L-proline, 700.0 mg/L; MES [(2-(n-
morpholino)-ethanesulfonic acid), free acid], 500.0 mg/L;
casein enzymatic hydrolysate, 100.0 mg/L; Dicamba, 3.30
mg/L; sucrose, 30.0 g/L; Gelzan™ 2.30 g/I.; modified
MS-Vitamin [1000x], 1.00 ml/L; AgNo,, 15.0 mg/I; Car-
benicillin, 250.0 mg/L), containing 5 mg/l. Bialaphos and
were incubated in 24 hours light with light intensity of 50
pmol m~3s~" for another 14 days at 28° C. This selection step
allowed transgenic callus to further proliferate and differ-
entiate. The callus selection period lasted for up to three
weeks. Proliferating, embryogenic calli were transferred
onto regeneration 1 media (MS salts, 4.33 g/L; myo-inositol,
100.0 mg/L; L-proline, 350.0 mg/l.; MES [(2-(n-mor-
pholino)-ethanesulfonic acid), free acid], 250.0 mg/L; casein
enzymatic hydrolysate, 50.0 mg/L; NAA, 0.500 mg/L;
ABA, 2.50 mg/L; BA, 1.00 mg/L; sucrose, 45.0 g/L; Gel-
zan™ 2.50 g/I.; modified MS-Vitamin [1000x], 1.00 ml/L;
AgNO;, 1.00 mg/L; Carbenicillin, 250.0 mg/L), containing
3 mg/LL Bialaphos and cultured in 24 hours light with light
intensity of 50 pmol m=2s~! for 7 days at 28° C.

Embryogenic calli with shoot/buds were transferred onto
regeneration 2 media (MS salts, 4.33 g/I; modified MS-
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Vitamin [1000x], 1.00 ml/L; myo-inositol, 100.0 mg/L;
sucrose, 60.0 g/L; Gellan Gum G434™, 3.00 g/I; Carbeni-
cillin, 250.0 mg/L.), containing 3 mg/l. Bialaphos. The
cultures were incubated under 24 hours light with light
intensity of 50 pmol m~3s~" for 7-10 days at 28° C. Small
shoots with primary roots were transferred to shoot elonga-
tion and rooting media (MS salts, 4.33 g/[.; N6 Vitamin
Solution [1000x], 1.00 mL/L.; myo-inositol, 100.0 mg/L;
sucrose, 30.0 g/L.; agar 5.50 g/L; in phytatrays, and were
incubated under 16/8 hours light/dark at 90 pmol m=2s~" for
7 days at 28° C. Healthy putative transgenic plantlets were
selected then incubated in 16/8 hours light/dark at 200 pmol
m~2s~! for another 2-5 days at 25° C. and were analyzed for
transgene copy number and transferred to the greenhouse.

Example 12
Transient PhiYFP Expression

Transient expression of PhiYFP from Zea mays embryos
transformed with pDAB108719 was performed. The bidi-
rectional SCBV promoter expressed PhiYFP from the
AADI1-2A-PhiYFP gene expression cassette, where non-
transformed embryos did not show any PhiYFP fluores-
cence. Similar level of PhiYFP expression could be
observed from Zea mays embryos transformed with a binary
plasmid pDAB105748 (FIG. 20) containing a uni-direc-
tional Zea mays (Zm) Ubil promoter driving a single
PhiYFP coding sequence. Transient expression of PhiYFP
could be observed from Zea mays embryos transformed with
pDAB108720, where the bidirectional Zm Ubil promoter
could express PhiYFP from the PhiYFP-2A-AADI1 gene
expression cassette.

Example 13
PhiYFP Expression in Stably Transformed Maize

PhiYFP Expression in Stably Transformed Zea mays
Callus Driven by a bidirectional Zm Ubil Promoter: Zea
mays embryos transformed with the pDAB108719 binary
vector containing the AAD1-2A-PhiYFP gene expression
cassette showed good PhiYFP expression. The bidirectional
SCBYV promoter could drive robust expression of PhiYFP.
These results confirmed that the Min-UbiP1 minimal pro-
moter element of the bidirectional SCBV promoter is
capable of expressing a reporter gene, for example PhiYFP
or YFP. The levels of expression of the PhiYFP protein were
similar as compared to Zea mays callus transformed with a
control binary vector which contained the uni-directional
Zm Ubil promoter driving the PhiYFP coding sequence
(pDAB105748). Expression of PhiYFP was not detected in
the negative control callus that was not transformed with a
binary construct and did not contain the PhiYFP coding
sequences.

Zea mays embryos transformed with the pDAB108720
binary vector that contains the PhiYFP-2A-AAD1 gene
expression cassette showed good PhiYFP expression. The
bidirectional SCBV promoter drove robust expression of
PhiYFP. These results confirmed that the Min-UbiP1 mini-
mal promoter element of the bidirectional SCBV promoter
is capable of expressing a reporter gene, for example Phi-
YFP or YFP.

Example 14
Estimation of Transgene Copy Number

Transgene Copy Number Estimation Using Real Time
TagMan™ PCR: Zea mays plants were transformed with
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binary vectors containing a bidirectional SCBV promoter,
pDAB108719 and pDAB108720, and other plants were
transformed with a control binary vector, pPDAB105748. The
presence of coding sequence (PhiYFP, AADI1, Cry34,
Cry35, Pat) within the genome of Z. mays plants transgenic
to pDAB108719 and pDAB108720 was confirmed via a
TagMan hydrolysis probe assay. The plants transgenic to
control vector pDAB105748 were analyzed for the presence
of PhiYFP sequence. Stably transformed transgenic Z. mays
plantlets that developed from the callus were obtained and
analyzed to identify events that contain a low copy number
(1-2 copies) of full-length T-strand inserts from the
pDAB108719 and pDAB108720 binary vectors, and
pDAB105748 control binary vector. Confirmed plantlets
were advanced to the green house and grown.

The Roche Light Cycler 480™ system was used to
determine the transgene copy number for events that were
transformed with the pDAB108719 and pDAB108720
binary vector. The method utilized a biplex TAQMAN®
reaction that employed oligonucleotides specific to the cod-
ing sequence and to the endogenous Z. mays reference gene,
invertase (Genbank Accession No: U16123.1), in a single
assay. Copy number and zygosity were determined by
measuring the intensity of coding sequence-specific fluores-
cence, relative to the invertase-specific fluorescence, as
compared to known copy number standards.
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cific DNA fragment is amplified with one TAQMAN®
primer/probe set containing a probe labeled with FAM
fluorescent dye, and invertase were amplified with a second
TAQMAN® primer/probe set containing a probe labeled
with HEX fluorescence (Table 7). The PCR reaction mixture
was prepared as set forth in Table 8, and the gene-specific
DNA fragments were amplified according to the conditions
set forth in Table 9. Copy number and zygosity of the
samples was determined by measuring the relative intensity
of fluorescence specific for the coding sequence to fluores-
cence specific for the reference gene, invertase, as compared
to known copy number standards.

Standards were created by diluting the vector
(pDAB108719 or pDAB108720) into Z. mays B104
genomic DNA (gDNA) to obtain standards with a known
relationship of vector:gDNA. For example, samples having
one, two, and four cop(ies) of vector DNA per one copy of
the Z. mays B104 gDNA were prepared. One and two copy
dilutions of the vector mixed with the Z. mays B104 gDNA
standard were validated against a control Z. mays event that
is known to be hemizygous, and a control Z. mays event that
is known to be homozygous (Z. mays event 278; See PCT
International Patent Publication No. WO 2011/022469 A2,
the content of which is hereby incorporated by reference in
its entirety). A TAQMAN® biplex assay that utilizes oligo-
nucleotides specific to the coding sequence gene and oligo-

TABLE 7
Forward and reverse nucleotide primer and fluorescent probes
(synthesgsized by Integrated DNA Technologieg, Coralville, IA).
Primer Name Primer Sequence
YFP Forward Primer GATGCCTCAGTGGGAAAGG (SEQ ID NO: 8)
YFP Reverse Primer CCATAGGTGAGAGTGGTGACAA (SEQ ID NO: 9)
YFP Probe ROCHE UPL Probe #125 CTTGGAGC (SEQ ID NO: 41)
Cat # 04693604001 (Roche, Indianapolis, IN)
Invertase Forward Primer TGGCGGACGACGACTTGT (SEQ ID NO: 10)
Invertase Reverse Primer AAAGTTTGGAGGCTGCCGT (SEQ ID NO: 11)
Invertase Probe 5'HEX/CGAGCAGACCGCCGTGTACTTCTACC/3BHQ 1/3"
(SEQ ID NO: 12)
AAD1 Forward Primer TGTTCGGTTCCCTCTACCAA (SEQ ID NO: 13)
AAD1 Reverse Primer CAACATCCATCACCTTGACTGA (SEQ ID NO: 14)
AAD1 Probe CACAGAACCGTCGCTTCAGCAACA (SEQ ID NO: 15)
Cry34 Forward Primer GCCAACGACCAGATCAAGAC (SEQ ID NO: 42)
Cry34 Reverse Primer GCCGTTGATGGAGTAGTAGATGG (SEQ ID NO: 43)
Cry34 Probe CCGAATCCAACGGCTTCA (SEQ ID NO: 44)
Cry35 Forward Primer CCTCATCCGCCTCACCG (SEQ ID NO: 45)
Cry35 Reverse Primer GGTAGTCCTTGAGCTTGGTGTC (SEQ ID NO: 46)
Cry35 Probe CAGCAATGGAACCTGACGT (SEQ ID NO: 47)
PAT Forward Primer ACAAGAGTGGATTGATGATCTAGAGAGGT (SEQ ID NO: 48)
PAT Reverse Primer CTTTGATGCCTATGTGACACGTAAACAGT (SEQ ID NO: 49)
PAT Probe GGTGTTGTGGCTGGTATTGCTTACGCTGG (SEQ ID NO: 50)

For Z. mays samples transformed with the pDAB108719
and pDAB108720 binary vectors, a coding sequence-spe-
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nucleotides specific to the endogenous Z. mays reference
gene, invertase, was performed by amplifying and detecting
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a gene-specific DNA fragment for coding sequence with one
TAQMAN® primer/probe set containing a probe labeled
with FAM fluorescent dye, and by amplifying and detecting
a gene-specific DNA fragment for invertase with a second
TAQMAN® primer/probe set containing a probe labeled
with HEX fluorescence. According to Table 7, the coding
sequence TAQMAN® reaction mixture was prepared as set
forth in Table 8 and the specific fragments were amplified
according to the conditions set forth in Table 9.

TABLE 8

TAQMAN ® PCR reaction mixture.

Final
Number of Reactions pl each Concentration
H,0 0.5 uL —
PVP (10%) 0.1 uL 0.1%
ROCHE 2X Master Mix 5.0 uL 1X
Coding sequence Forward Primer (10 pM) 0.4 uL 0.4 uM
Coding sequence Reverse Primer (10 pM) 0.4 uL 0.4 uM
Coding sequence Probe UPL#125 (5 uM) 0.4 uL 0.2 uM
Invertase Forward Primer (10 uM) 0.4 uL 0.4 uM
Invertase Reverse Primer (10 uM) 0.4 uL 0.4 uM
Invertase Probe (5 uM) 0.4 uL 0.2 uM
Template DNA 2.0 uL —
Total reaction volume 10 pL —

The level of fluorescence generated for each reaction was
analyzed using the Roche LightCycler 480™ Thermocycler
according to the manufacturer’s directions. The FAM fluo-
rescent moiety was excited at an optical density of 465/510
nm, and the HEX fluorescent moiety was excited at an
optical density of 533/580 nm. The copy number was
determined by comparison of Target/Reference values for
unknown samples (output by the LightCycler 480™) to
Target/Reference values of four known copy number stan-
dards (for example, Null, 1-Copy (hemi), 2-Copy (homo),
and 4-Copy).

TABLE 9
Thermocycler conditions for PCR amplification.

PCR Steps Temp (° C.) Time No. of cycles
Step-1 95 10 minutes 1
Step-2 95 10 seconds 40

59 35 seconds
72 1 second
Step-3 40 11 seconds 1

Results from the transgene copy number analysis of
transgenic plants obtained via transformation with a bidi-
rectional SCBV promoter constructs (pDAB108719 and
pDAB108720), and of transgenic plants obtained via trans-
formation with a control unidirectional ZmUbil promoter
PhiYFP construct (pDAB105748) are summarized in Table
10. Only plants with 1-2 copies of the all transgenes were
transferred to the greenhouse for further expression analy-
ses.
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TABLE 10

Transgene copy number estimation of the transgenic plants
obtained from bidirectional promoter and control constructs.

Number of Embryos Number of 1-2 Copies
Construct Transformed Positive Events of all genes
pDABI108719 250 78 13
pDAB108720 225 57 13
pDAB105748 32 8 2
Example 15

Stable PhiYFP Expression in Maize TO Plants

Stable PhiYFP Expression in Zea mays T, Plants Driven
by bidirectional SCBV Promoter: Zea mays embryos trans-
formed with the pDAB108719 binary vector containing the
AADI1-2A-PhiYFP gene expression cassette could be
observed. The bidirectional SCBV promoter drove robust
expression of the PhiYFP both in shoot and root tissues. The
results confirmed that the Min-UbiP1 minimal promoter
element of the bidirectional SCBV promoter is capable of
expressing a reporter gene, for example PhiYFP or YFP that
is bicistronically fused with aadl using a 2A sequence. The
levels of expression of the PhiYFP protein was similar to Z.
mays embryos transformed with a control binary vector
which contained the uni-directional Zm Ubil promoter
driving the PhiYFP coding sequence (pDAB105748).
Expression of PhiYFP was not detected in the negative
control plants that were not transformed with a binary
construct and did not contain the PhiYFP coding sequences.

PhiYFP expression in leaf and root tissues of Zea mays TO
plants transgenic to pDAB108720 binary vector that con-
tains the PhiYFP-2A-AADI1 gene expression cassette could
be observed. The bidirectional SCBV promoter drove robust
expression of PhiYFP. The results confirmed that the Min-
UbiP1 minimal promoter element of the bidirectional SCBV
promoter is capable of expressing a reporter gene, for
example PhiYFP or YFP fused to aadl with a 2A sequence
or 2A-like sequence.

Example 16

Cry34, Cry35, and AAD1 Protein Analysis

Plants were sampled into columns 1-10 of a matrix box in
1.5 mL conical tubes to which 1 steel bead was added
followed by PBST+0.5% BSA (0.6 mL). The box was then
bead beated for sample grinding in a Geno Grinder for 5
minutes at 1500 rpm then centrifuged at 3700 rpm for 7
minutes at 4° C.

Cry34/35 ELISA assay: In a separate, 96 deep well plate,
a sample of the extract was diluted 1:200 in PBST+1%
blotto. Two volumes of 25 uL. of the diluted sample were
then transferred to separate 96-well plates that had been
arrayed with anti-Cry34 and anti-Cry35 (Meso Scale Dis-
covery). In the 11 and 12 columns of each plate standard
concentrations of Cry34 and Cry35 in PBST+1% blotto
were added (25 pL). The plates were then incubated while
shaking at room temperature for one hour. The plates were
then washed with PBST (3x300 pL). Then 25 ul. of a
solution of SulfoTAG conjugated anti-Cry34 and anti-Cry35
was added to each well and incubated with shaking at room
temperature for one hour. The plates were then washed with
PBST (3x300 uL.). A volume of 150 uL. Read Buffer T (Meso
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Scale Discovery) was then added and the plate was imme-
diately read on a SECTOR® 6000 reader. Concentrations of
proteins in the sample were calculated using the standard
curve for the respective protein generated from the same
plate.

AAD-1 ELISA assay: In a separate, 96 deep well plate, a
sample of the extract was diluted 1:20 in PBST+0.5% BSA.
Two volumes of 200 pl of the diluted sample were then
transferred to separate 96 well plates that had been coated
with anti-AAD1 (provided by Acadia Bioscience LLC). In
the 11 and 12 columns of each plate standard concentrations
of AAD1 in PBST+0.5% BSA were added (200 uL). A
volume of 50 pL of biotinylated anti-AAD1 was then added
to each well and the plates were incubated while shaking at
room temperature for one hour. The plates were then washed
with PBST (5x300 pL). Then 100 ul. of a steptavidin-
alkaline phosphate conjugate solution was added to each
well and incubated with shaking at room temperature for 30
minutes. The plates were then washed with PBST (5x300
pl). A volume of 100 pL substrate (p-nitrophenylphosphate,
PNPP) was then added and incubated with shaking at room
temperature for 45 minutes. The plates were then read at
A405 on a SpectraMax M5 plate reader (Molecular
Devices). Concentrations of proteins in the sample were
calculated using the standard curve generated from the same
plate.

Example 17
Protein Analysis of Maize TO Plants

Protein analysis of maize TO plants driven by the bidi-

rectional Zea mays SCBV  Promoter construct
(pDAB108719) was performed in this example.
TABLE 11
Cry34/Cry35/AADI1 expression in TO
maize pDAB108719 transgenic plants
Plant ID Cry34 ng/em®  Cry35 ng/lem®  |AADI ng/em?|
108719[2]-102.001 56 0 2
108719[3]-058.001 20 0 3
108719[3]-061.002 25 0 3
108719[3]-057.001 37 0 1
108719[3]-064.001 20 0 3
108719[1]-009.001 31 0 3
108719[1]-013.001 15 0 8
108719[1]-014.001 31 0 4
108719[1]-016.001 27 2 2
108719[1]-020.001 20 10 3
108719[2]-096.001 20 12 7
108719[2]-101.001 21 4 3

Results of a representative ELISA analysis of 12 trans-
genic TO maize plants obtained from Zea mays embryos
transformed with pDAB108719 that contains Cry34-2A-
Cry35 gene expression cassette is summarized in Table 11.
A bidirectional SCBV promoter drove robust expression of
both Cry34 and Cry35 coding sequences in leaf. These
observations showed that the single SCBV bidirectional
promoter in construct pPDAB108719 can express multiple
genes (e.g., Cry34, Cry35, and AAD1).

Protein analysis of maize TO plants driven by the bi-
directional Zea mays Ubiquitin) Promoter construct
(pDAB108720): Representative ELISA analysis of 9 trans-
genic TO maize plants obtained from Zea mays embryos
transformed with pDAB108720 that contained the Cry34-
2A-Cry35 gene expression cassette is summarized in Table
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12. The bidirectional SCBV promoter drove robust expres-
sion of both Cry34 and Cry35 coding sequences in leaf.

TABLE 12

Cry34/Cry35/AAD1 expression in TO
maize pPDAB108720 transgenic plants

Plant ID Cry34 ng/em?  Cry35 ng/lem? |AADI ng/em?|
108720[1]-017.001 19 24 10
108720[1]-024.001 21 0 9
108720[1]-027.001 20 2 8
108720[1]-032.001 32 12 8
108720[2]-085.001 16 0 8
108720[2]-086.001 30 0 5
108720[2]-088.001 0 26 4
108720[2]-092.001 0 0 13
108720[2]-105.001 26 0 2

Example 18

Transgene Stacking: Synthetic Bidirectional
Promoters (T1 Data)

Gene expression of T1 plants driven by the bidirectional
promoter constructs: ten to twelve single copy events per
construct were selected for analysis, except that the control
construct pDAB108716 had only one event. Five plants/
events for the V6 stage were tested, and three plants/events
for the V10-12 and/R3 stages were tested. Protein assays
were performed using LCMS or ELISA.

The constructs used in this example are shown in FIG. 30.
pDAB108708  (SCBV  bidirectional  (-200)) and
pDAB108709 (SCBV bidirectional (-90)) are constructs
with representative bidirectional promoter of the present
invention in addition to constructs with maize Ubil bidirec-
tional promoter (pDAB108706 [ZMUDbi bidirectional
(-200)) and pDAB108707 (ZMUbi bidirectional (-90))];
pDAB101556 (ZmUbil-YFP control), pDAB108715
(SCBV without minimal promoter), and pDAB108716
(ZMUbil without minimal promoter) served as control
constructs with uni-directional promoters.

Exemplary expression results (V6) from the seven con-
structs for YFP protein (LCMS) in ng/cm? are shown in FIG.
31A. Exemplary relative expression results (V6) from the
seven constructs for YFP RNA are shown in FIG. 31B.

Exemplary expression results (V6) from the seven con-
structs for GUS protein (LCMS) in ng/cm? are shown in
FIG. 32A. Exemplary relative expression results (V6) from
the seven constructs for GUS RNA are shown in FIG. 32B.

Exemplary expression results (V6) from the seven con-
structs for AAD1 protein (LCMS) in ng/cm?® are shown in
FIG. 33A. Exemplary relative expression results (V6) from
the seven constructs for AAD1 RNA are shown in FIG. 33B.

A statistical analysis of expression results (V6) from the
seven constructs for YFP protein (LCMS) in ng/cm?® is
shown in FIG. 34A. A statistical analysis of relative expres-
sion results (V6) from the seven constructs for YFP RNA is
shown in FIG. 34B. The mean values and statistical results
are listed.

A statistical analysis of expression results (V6) from the
seven constructs for GUS protein (LCMS) in ng/cm?® is
shown in FIG. 35A. A statistical analysis of relative expres-
sion results (V6) from the seven constructs for GUS RNA is
shown in FIG. 35B. The mean values and statistical results
are listed.
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A statistical analysis of expression results (V6) from the
seven constructs for AADI protein (LCMS) in ng/cm? is
shown in FIG. 36 A. A statistical analysis of relative expres-
sion results (V6) from the seven constructs for AAD1 RNA
is shown in FIG. 36B. The mean values and statistical results
are listed.

FIGS. 37A, 37B, and 37C show exemplary expression
results (V10) from the seven constructs for YFP, AAD1, and
GUS protein (LCMS) in ng/cm?, respectively.

FIGS. 38A, 38B, and 38C show statistical analysis of
expression results (V10) from the seven constructs for YFP,
GUS, and AADI1 protein (LCMS) in ng/cm?, respectively.
The mean values and statistical results are listed.

FIGS. 39A, 39B, and 39C show exemplary expression
results (R3) from the seven constructs for YFP, GUS, and
AADI protein (LCMS) in ng/cm?, respectively.

FIGS. 40A, 40B, and 40C show statistical analysis of
expression results (R3) from the seven constructs for YFP,
GUS, and AADI1 protein (LCMS) in ng/cm?, respectively.
The mean values and statistical results are listed.

The results show that both SCBV bidirectional promoters
of the present invention and maize Ubil bidirectional pro-
moters can drive robust expression of GUS and YFP. The
YFP expression from Maize Ubil bidirectional promoter
was similar to unidirectional maize Ubil driven YFP. The
YFP expression from SCBV bidirectional promoter was
significantly higher than unidirectional maize Ubil driven
YFP or Maize Ubil bidirectional promoter. However, this
difference became less significant at V10 stage. The results
also suggest that bidirectional transcription has non-signifi-
cant effect on GUS expression (GUS expression compared
to the constructs lacking minimal promoter without YFP
expression). SCBV bidirectional promoters also provided
significantly higher GUS expression compared to maize
Ubil bidirectional promoters.

Example 19

A Combination of Bidirectional Promoter and 2A
Bicistronic Sequence to Drive Four Transgenes
from One Single Promoter (T1 Data)

Gene expression of T1 plants driven by the bidirectional
promoter constructs: ten to twelve single copy events per
construct were selected for analysis, except that the control
constructs had four or five events per construct. Five plants/
events for the V6 stage were tested, and three plants/events
for the V10-12 and/R3 stages were tested. Protein assays
were performed using LCMS or ELISA.

pDAB108719 and pDAB108720 are shown in FIG. 19.
pDAB105748 and pDAB105818 are shown in FIG. 20.
Additional multi-transgene constructs using Ubil promoter,
including pDAB108717 and pDAB108718 are shown in
FIG. 41.

Exemplary relative expression results (V6) of Cry34 RNA
from six constructs pDAB105748 (ZMUbil-YFP),
pDAB105818 (ZMUbil-Cry34/ZMUbil-Cry35/ZMUbil-
AAD1), pDAB108717 (YFP/AAD-1-ZMUbil bidirec-
tional-Cry34-Cry35), pDAB108718 (AAD1/YFP-ZMUbil
bidirectinal-Cry34-Cry35), pDAB108719 (YFP/AADI-
SCBV bidirectional-Cry34-Cry35), and pDAB108720
(AAD1/YFP-SCBYV bidirectional-Cry34-Cry35) are shown
in FIG. 42A. Exemplary relative expression results (V6) of
Cry34 protein (LCMS) from the same six constructs
pDAB105748, pDAB105818, pDAB108717,
pDAB108718, pDAB108719, and pDAB108720 are shown
in FIG. 42B.
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Exemplary relative expression results (V6) of AADI
RNA from the six constructs pDAB105748, pDAB105818,
pDAB108717, pDAB108718, pDAB108719, and
pDAB108720 are shown in FIG. 43A. Exemplary relative
expression results (V6) of AADI1 protein (LCMS) from the
same six constructs pDAB105748, pDABI105818,
pDAB108717, pDAB108718, pDAB108719, and
pDAB108720 are shown in FIG. 43B.

Exemplary relative expression results (V6) of YFP RNA
from the six constructs pDAB105748, pDAB105818,
pDAB108717, pDAB108718, pDAB108719, and
pDAB108720 are shown in FIG. 44A. Exemplary relative
expression results (V6) of YFP protein (LCMS) from the
same six constructs pDAB105748, pDABI105818,
pDAB108717, pDAB108718, pDAB108719, and
pDAB108720 are shown in FIG. 44B.

Exemplary relative expression results (V6) of Cry35 RNA
from the six constructs pDAB105748, pDAB105818,
pDAB108717, pDAB108718, pDAB108719, and
pDAB108720 are shown in FIG. 45A. Exemplary relative
expression results (V6) of Cry35 protein (ELISA) from the

same six constructs pDAB105748, pDABI105818,
pDAB108717, pDAB108718, pDAB108719, and
pDAB108720 are shown in FIG. 45B.

FIG. 46 shows exemplary relative expression results (V6)
of PAT RNA from the six constructs pDAB105748,
pDABI105818, pDABI108717, pDAB108718,
pDABI108719, and pDAB108720.

A statistical analysis of expression results (V6) of Cry34
RNA from the six constructs pDAB105748, pDAB105818,
pDABI108717, pDABI108718, pDAB108719, and
pDAB108720 is shown in FIG. 47A. A statistical analysis of
expression results (V6) of Cry34 protein from the same six
constructs pDAB105748, pDABI105818, pDABI108717,
pDABI108718, pDAB108719, and pDAB108720 is shown
in FIG. 47B. The mean values and statistical results are
listed.

A statistical analysis of expression results (V6) of AADI1
RNA from the six constructs pDAB105748, pDAB105818,
pDABI108717, pDABI108718, pDAB108719, and
pDAB108720 is shown in FIG. 48A. A statistical analysis of
expression results (V6) of AADI1 protein from the same six
constructs pDAB105748, pDABI105818, pDABI108717,
pDABI108718, pDAB108719, and pDAB108720 is shown
in FIG. 48B. The mean values and statistical results are
listed.

A statistical analysis of expression results (V6) of YFP
RNA from the six constructs pDAB105748, pDAB105818,
pDABI108717, pDABI108718, pDAB108719, and
pDAB108720 is shown in FIG. 49A. A statistical analysis of
expression results (V6) of YFP protein from the same six
constructs pDAB105748, pDABI105818, pDABI108717,
pDABI108718, pDAB108719, and pDAB108720 is shown
in FIG. 49B. The mean values and statistical results are
listed.

A statistical analysis of expression results (V6) of Cry35
RNA from the six constructs pDAB105748, pDAB105818,
pDABI108717, pDABI108718, pDAB108719, and
pDAB108720 in FIG. 50A. A statistical analysis of expres-
sion results (V6) of Cry35 protein from the same six
constructs pDAB105748, pDABI105818, pDABI108717,
pDABI108718, pDAB108719, and pDAB108720 is shown
in FIG. 50B. The mean values and statistical results are
listed.

FIG. 51 shows a statistical analysis of expression results
(V6) of PAT RNA from the six constructs pDAB105748,
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pDABI105818, pDAB108717, pDABI108718,
pDAB108719, and pDAB108720. The mean values and
statistical results are listed.

FIGS. 52A, 52B, 52C, and 52D show exemplary protein
expression results (V10) of YFP, AAD1, Cry34, and Cry35
respectively from the six constructs pDAB105748,
pDABI105818, pDAB108717, pDABI108718,
pDABI108719, and pDAB108720.

FIGS. 53A, 53B, 53C, and 53D show statistical analysis
of protein expression results (V10) of YFP, AADI1, Cry34,
and Cry35 respectively from the six constructs
pDAB105748, pDABI105818, pDABI108717,
pDABI108718, pPDAB108719, and pDAB108720. The mean
values and statistical results are listed.

FIGS. 54A, 54B, 54C, and 54D show exemplary protein
expression results (R3) of YFP, AADI1, Cry34, and Cry35
respectively from the six constructs pDAB105748,
pDABI105818, pDAB108717, pDABI108718,
pDABI108719, and pDAB108720.

FIGS. 55A, 55B, 55C, and 55D show statistical analysis
of protein expression results (R3) of YFP, AADI, Cry34,
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and Cry35 respectively from the six constructs
pDAB105748, pDABI105818, pDAB108717,

pDABI108718, pDAB108719, and pDAB108720. The mean
values and statistical results are listed.

FIG. 56 shows exemplary results of Western blot for
protein expression of Cry34, Cry35, and AADI from
pDABI108718, pDAB108717, pDAB108719, and
pDABI108720.

The results showed that all four transgenes in the single
promoter-driven constructs were functional with good
expression levels. Three genes (Cry34/Cry35/AAD]1) in a
Ubil bidirectional stack showed robust expression levels,
similar to expression levels provided by the single Ubil-
driven gene stack (DExT).

While a number of exemplary aspects and embodiments
have been discussed above, those of skill in the art will
recognize certain modifications, permutations, additions and
sub-combinations thereof. It is therefore intended that the
following appended claims and claims hereafter introduced
are interpreted to include all such modifications, permuta-
tions, additions and sub-combinations as are within their
true spirit and scope.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 53
<210>
<211>
<212>

<213>

SEQ ID NO 1
LENGTH: 215

TYPE: DNA
ORGANISM: Zea mays

<400> SEQUENCE: 1

ctggaccect ctegagagtt cegetccace

aattgegtgg cggageggca gacgtgagece

cggeacegge agctacgggg gattccttte

cgecgtaata aatagacacce ccctccacac cctet

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 2

LENGTH: 1319

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

Z. mays minUbilP minimal core promoter;
mays Ubil intron

FEATURE:

NAME/KEY: misc_feature
LOCATION: (1)..(1015)

OTHER INFORMATION: UbiI-Intron
FEATURE:

NAME/KEY: misc_feature
LOCATION: (1016)..(1097)

OTHER INFORMATION: Ubil-leader
FEATURE:

NAME/KEY: misc_feature
LOCATION: (1098)..(1319)

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400> SEQUENCE: 2

ctgcagaagt aacaccaaac aacagggtga gcatcgacaa

taaatagcegt atgaaggcag ggctaaaaaa atccacatat

tccaagtata tcaagatcga aataattata aaacatactt

actcaaggtt agagcatatg aatagatgct gcatatgcca

aacccacatc aacatgtata cctatcctag atcgatattt

OTHER INFORMATION: minUbilP-min_core_promoter

gttggacttyg ctccgetgte ggcatccaga

ggcacggcag gcggectect cctectetea

ccaccgetee ttegetttee cttectegece

aagaaacagt

agctgetgea

gtttattata

tcatgtatat

ccatccatcet

60

120

180

215

OTHER INFORMATION: Reverse complement of polynucleotide comprising
Z. mays Ubil leader;

and Z

accaagcaaa 60

tatgccatca 120

atagataggt 180
gcatcagtaa 240

taaactcgta 300
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-continued
actatgaaga tgtatgacac acacatacag ttccaaaatt aataaataca ccaggtagtt 360
tgaaacagta ttctactccg atctagaacg aatgaacgac cgcccaacca caccacatca 420
tcacaaccaa gcgaacaaaa agcatctctg tatatgcatce agtaaaaccc gcatcaacat 480
gtatacctat cctagatcga tatttccatc catcatcttce aattcgtaac tatgaatatg 540
tatggcacac acatacagat ccaaaattaa taaatccacc aggtagtttg aaacagaatt 600
ctactccgat ctagaacgac cgcccaacca gaccacatca tcacaaccaa gacaaaaaaa 660
agcatgaaaa gatgacccga caaacaagtg cacggcatat attgaaataa aggaaaaggg 720
caaaccaaac cctatgcaac gaaacaaaaa aaatcatgaa atcgatcccyg tctgeggaac 780
ggctagagece atcccaggat tccccaaaga gaaacactgg caagttagca atcagaacgt 840
gtectgacgta caggtcgcat ccgtgtacga acgctagcag cacggatcta acacaaacac 900
ggatctaaca caaacatgaa cagaagtaga actaccgggce cctaaccatg catggaccgg 960
aacgccgate tagagaaggt agagaggggg ggggggggga ggacgagegyg cgtaccttga 1020
agcggaggtg ccgacgggtg gatttggggg agatctggtt gtgtgtgtgt gegctcecgaa 1080
caacacgagg ttggggaggt accaagaggg tgtggagggg gtgtctattt attacggcgg 1140
gcgaggaagyg gaaagcgaag gagceggtggg aaaggaatcce ceegtagetg ceggtgceegt 1200
gagaggagga ggaggccgee tgcegtgeceg getcacgtet gecgcetecge cacgcaattt 1260
ctggatgceeg acageggage aagtccaacg gtggagcegga actctcegaga ggggtccag 1319

<210> SEQ ID NO 3
<211> LENGTH: 3322

<212> TYPE:

DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Exemplary synthetic Ubil bidirectional promoter
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(1105) .. (1319)

<223> OTHER INFORMATION: First minUbilP-reverse_complement
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:
<223> OTHER INFORMATION:

<400> SEQUENCE: 3

ctgcagaagt

taaatagcgt

tccaagtata

actcaaggtt

aacccacatc

actatgaaga

tgaaacagta

tcacaaccaa

gtatacctat

tatggcacac

ctactcegat

agcatgaaaa

caaaccaaac

aacaccaaac

atgaaggcag

tcaagatcga

agagcatatg

aacatgtata

tgtatgacac

ttctacteeg

gcgaacaaaa

cctagatcega

acatacagat

ctagaacgac

gatgacccga

cctatgeaac

(2009) .. (2244)

aacagggtga

ggctaaaaaa

aataattata

aatagatgct

cctatectag

acacatacag

atctagaacg

agcatctetg

tatttccatc

ccaaaattaa

cgcccaacca

caaacaagtg

gaaacaaaaa

gcatcgacaa

atccacatat

aaacatactt

gcatatgcca

atcgatattt

ttccaaaatt

aatgaacgac

tatatgcatc

catcatcttce

taaatccacc

gaccacatca

cacggcatat

aaatcatgaa

aagaaacagt

agctgetgea

gtttattata

tcatgtatat

ccatccatct

aataaataca

cgcccaacca

agtaaaaccc

aattcgtaac

aggtagtttyg

tcacaaccaa

attgaaataa

atcgatcceg

Second minUbilP-reverse_complement

accaagcaaa

tatgccatca

atagataggt

gcatcagtaa

taaactcgta

ccaggtagtt

caccacatca

gcatcaacat

tatgaatatg

aaacagaatt

gacaaaaaaa

aggaaaaggg

tctgceggaac

60

120

180

240

300

360

420

480

540

600

660

720

780
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-continued
ggctagagece atcccaggat tccccaaaga gaaacactgg caagttagca atcagaacgt 840
gtectgacgta caggtcgcat ccgtgtacga acgctagcag cacggatcta acacaaacac 900
ggatctaaca caaacatgaa cagaagtaga actaccgggce cctaaccatg catggaccgg 960
aacgccgate tagagaaggt agagaggggg ggggggggga ggacgagegyg cgtaccttga 1020
agcggaggtg ccgacgggtg gatttggggg agatctggtt gtgtgtgtgt gegctcecgaa 1080
caacacgagg ttggggaggt accaagaggg tgtggagggg gtgtctattt attacggcgg 1140
gcgaggaagyg gaaagcgaag gagceggtggg aaaggaatcce ceegtagetg ceggtgceegt 1200
gagaggagga ggaggccgee tgcegtgeceg getcacgtet gecgcetecge cacgcaattt 1260
ctggatgceg acageggage aagtccaacg gtggagcegga actctcegaga ggggtccage 1320
cgcggagtgt gcagcgtgac ccggtcegtge ccectcectetag agataatgag cattgcatgt 1380
ctaagttata aaaaattacc acatattttt tttgtcacac ttgtttgaag tgcagtttat 1440
ctatctttat acatatattt aaactttact ctacgaataa tataatctat agtactacaa 1500
taatatcagt gttttagaga atcatataaa tgaacagtta gacatggtct aaaggacaat 1560
tgagtatttt gacaacagga ctctacagtt ttatcttttt agtgtgcatg tgttctcctt 1620
tttttttgca aatagcttca cctatataat acttcatcca ttttattagt acatccattt 1680
agggtttagg gttaatggtt tttatagact aattttttta gtacatctat tttattctat 1740
tttagcctct aaattaagaa aactaaaact ctattttagt ttttttattt aatagtttag 1800
atataaaata gaataaaata aagtgactaa aaattaaaca aatacccttt aagaaattaa 1860
aaaaactaag gaaacatttt tcttgtttcg agtagataat gccagcecctgt taaacgccgt 1920
cgacgagtct aacggacacc aaccagcgaa ccagcagegt cgegteggge caagcgaagce 1980
agacggcacg gcatctctgt cgectgcectcet ggacccectet cgagagttece getccaccgt 2040
tggacttgct cecgctgtegg catccagaaa ttgcgtggceg gagcggcaga cgtgagccgg 2100
cacggcaggce ggcctcectee tectctcacg gcaccggcag ctacggggga ttectttece 2160
accgctectt cgetttceect tectecgeccg ccgtaataaa tagacaccece ctcecacacce 2220
tcttteccca acctegtgtt gttecggagcg cacacacaca caaccagatce tcccccaaat 2280
ccaccegteg geacctceege ttcaaggtac gcegcectegte ctcecceccceee ceccccectet 2340
ctaccttctce tagatcggceg ttccggtcca tgcatggtta gggcccggta gttctactte 2400
tgttcatgtt tgtgttagat ccgtgtttgt gttagatccg tgctgctage gttecgtacac 2460
ggatgcgacc tgtacgtcag acacgttctg attgctaact tgccagtgtt tctetttggg 2520
gaatcctggg atggctctag ccgttceccecgca gacgggatceg atttcatgat tttttttgtt 2580
tcgttgcata gggtttggtt tgccctttte ctttatttca atatatgccg tgcacttgtt 2640
tgtcgggtca tecttttcatg cttttttttg tecttggttgt gatgatgtgg tetggttggg 2700
cggtcgttet agatcggagt agaattctgt ttcaaactac ctggtggatt tattaatttt 2760
ggatctgtat gtgtgtgcca tacatattca tagttacgaa ttgaagatga tggatggaaa 2820
tatcgatcta ggataggtat acatgttgat gcgggtttta ctgatgcata tacagagatg 2880
ctttttgttc gettggttgt gatgatgtgg tgtggttggg cggtcgttca ttegttectag 2940
atcggagtag aatactgttt caaactacct ggtgtattta ttaattttgg aactgtatgt 3000
gtgtgtcata catcttcata gttacgagtt taagatggat ggaaatatcg atctaggata 3060
ggtatacatg ttgatgtggg ttttactgat gcatatacat gatggcatat gcagcatcta 3120
ttcatatgct ctaaccttga gtacctatct attataataa acaagtatgt tttataatta 3180



US 9,453,235 B2
57

-continued
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tttcegatett gatatacttg gatgatggca tatgecagcag ctatatgtgg atttttttag
cectgectte atacgetatt tatttgettg gtactgttte ttttgtegat getcacccetg

ttgtttggtyg ttacttctge ag

<210> SEQ ID NO 4

<211> LENGTH: 6698

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

3240

3300

3322

<223> OTHER INFORMATION: Exemplary nucleic acid comprising yfp and GUS

expression cassettes driven by a synthetic Ubil bidirectional
promoter

<400> SEQUENCE: 4

agcacttaaa gatctttaga agaaagcaaa gcatttatta atacataaca atgtccaggt
agcccagetyg aattacaata cgcaactget cataataatt caacaaacce aagtagtaca
caacatccag aagcaaataa agcccatacg taccaaagec tacacaagca gcaacactca
ctgccagtge cggtgggtet ttaaagcaca cgggecttga ccacgegate caccttgaaa
caaacttggt aaaattaaag caaaccagaa gcacacacac gccaacgcaa cgcttcetgat
cgegegecaca aggcocggee ggccagaacg tacgacggac acgcacacge tgcgaccgag
ctctaggtga ttaagctaac tactcaaagg taggtcttge gacagtcaac agctctgaca
gtttctttca aggacatgtt gtctetgtgg tcectgtcacat ctttggaaag tttcacatgg
taagacatgt gatgatactc tggaacatga actggacctc caccaatggg agtgttcatce
tgggtgtggt cagccactat gaagtcgect ttgctgecag taatctcatg acagatcttg
aaggctgact tgagaccgtg gttggettgg tcaccccaga tgtagaggca gtggggagtg
aagttgaact ccaagttctt tcccaacaca tgaccatctt tettgaagee ttgaccattg
agtttgacce tattgtagac agacccatte tcaaaggtga cttcagcect agtcttgaag
ttgccatcte cttcaaaggt gattgtgege tcttgcacat agecatctgg catacaggac
ttgtagaagt ccttcaacte tggaccatac ttggcaaage actgtgctce ataggtgaga
gtggtgacaa gtgtgctcca aggcacagga acatcaccag ttgtgcagat gaactgtgea
tcaaccttte ccactgagge atctcegtag ccttteccac gtatgectaaa ggtgtggeca
tcaacattce cttccatcte cacaacgtaa ggaatcttec catgaaagag aagtgctcca
gatgccatgg tgtegtgtgg atceggtaca cacgtgecta ggaccggttce aactaactac
tgcagaagta acaccaaaca acagggtgag catcgacaaa agaaacagta ccaagcaaat
aaatagcgta tgaaggcagg gctaaaaaaa tccacatata getgetgeat atgccatcat
ccaagtatat caagatcgaa ataattataa aacatacttg tttattataa tagataggta
ctcaaggtta gagcatatga atagatgetg catatgecat catgtatatg catcagtaaa
acccacatca acatgtatac ctatcctaga tcgatattte catccatctt aaactcgtaa
ctatgaagat gtatgacaca cacatacagt tccaaaatta ataaatacac caggtagttt
gaaacagtat tctactccga tctagaacga atgaacgacc gcccaaccac accacatcat
cacaaccaag cgaacaaaaa gcatctectgt atatgcatca gtaaaaccceg catcaacatg
tatacctatc ctagatcgat atttccatce atcatctteca attegtaact atgaatatgt
atggcacaca catacagatc caaaattaat aaatccacca ggtagtttga aacagaattc

tactccgate tagaacgacc geccaaccag accacatcat cacaaccaag acaaaaaaaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800
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gcatgaaaag atgacccgac aaacaagtgc acggcatata ttgaaataaa ggaaaagggce 1860
aaaccaaacc ctatgcaacg aaacaaaaaa aatcatgaaa tcgatccegt ctgcggaacyg 1920
gctagagceca tcccaggatt ccccaaagag aaacactgge aagttagcaa tcagaacgtg 1980
tctgacgtac aggtcgcatc cgtgtacgaa cgctagcagc acggatctaa cacaaacacg 2040
gatctaacac aaacatgaac agaagtagaa ctaccgggcec ctaaccatgce atggaccgga 2100
acgccgatcet agagaaggta gagagggggyg ggggggggag gacgagcegge gtaccttgaa 2160
gcggaggtge cgacgggtgg atttggggga gatctggttg tgtgtgtgtg cgctceccgaac 2220
aacacgaggt tggggaggta ccaagagggt gtggaggggg tgtctattta ttacggcggg 2280
cgaggaaggg aaagcgaagg agcggtggga aaggaatccce cegtagetge cggtgecgtg 2340
agaggaggag gaggccgect geecgtgecgg cteacgtetyg cegetccgece acgcaattte 2400
tggatgccga cagcggagca agtccaacgg tggagcggaa ctcetecgagag gggtccagece 2460
gcggagtgtyg cagegtgace cggtcecgtgec cctctcectaga gataatgagce attgcatgte 2520
taagttataa aaaattacca catatttttt ttgtcacact tgtttgaagt gcagtttatc 2580
tatctttata catatattta aactttactc tacgaataat ataatctata gtactacaat 2640
aatatcagtg ttttagagaa tcatataaat gaacagttag acatggtcta aaggacaatt 2700
gagtattttg acaacaggac tctacagttt tatcttttta gtgtgcatgt gttctccttt 2760
ttttttgcaa atagcttcac ctatataata cttcatccat tttattagta catccattta 2820
gggtttaggg ttaatggttt ttatagacta atttttttag tacatctatt ttattctatt 2880
ttagcctcta aattaagaaa actaaaactc tattttagtt tttttattta atagtttaga 2940
tataaaatag aataaaataa agtgactaaa aattaaacaa atacccttta agaaattaaa 3000
aaaactaagg aaacattttt cttgtttcga gtagataatg ccagcctgtt aaacgccgtce 3060
gacgagtcta acggacacca accagcgaac cagcagegte gegtcegggec aagcgaagca 3120
gacggcacgg catctctgte gctgectetg gaccectcte gagagttceccg ctecaccegtt 3180
ggacttgcte cgctgtecgge atccagaaat tgcgtggcecgg agcggcagac gtgagccggce 3240
acggcaggcg gcectectect ccectcectcacgg caccggcage tacgggggat tectttecca 3300
ccgctectte gettteceett cctegeccge cgtaataaat agacaccccece tcecacaccct 3360
ctttceccaa cectegtgttyg tteggagecge acacacacac aaccagatct cccccaaatce 3420
caccecgtegg cacctcecceget tcaaggtacg ccgctcecgtece teccccecccecee ceccectete 3480
taccttetet agatcggegt tecggtceccat gcatggttag ggcccggtag ttcetacttet 3540
gttcatgttt gtgttagatc cgtgtttgtg ttagatccgt gcectgctageg ttegtacacy 3600
gatgcgacct gtacgtcaga cacgttctga ttgctaactt gccagtgttt ctetttgggg 3660
aatcctggga tggctctage cgttceccgcag acgggatcga tttcatgatt ttttttgttt 3720
cgttgcatag ggtttggttt gcccttttcee tttatttcaa tatatgccgt gcacttgttt 3780
gtcgggtcecat cttttcatge ttttttttgt cttggttgtg atgatgtggt ctggttgggce 3840
ggtcgttecta gatcggagta gaattctgtt tcaaactacc tggtggattt attaattttg 3900
gatctgtatg tgtgtgccat acatattcat agttacgaat tgaagatgat ggatggaaat 3960
atcgatctag gataggtata catgttgatg cgggttttac tgatgcatat acagagatgc 4020
tttttgtteg cttggttgtyg atgatgtggt gtggttgggce ggtcgttcat tegttctaga 4080
tcggagtaga atactgtttc aaactacctg gtgtatttat taattttgga actgtatgtg 4140
tgtgtcatac atcttcatag ttacgagttt aagatggatg gaaatatcga tctaggatag 4200
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gtatacatgt tgatgtgggt tttactgatg catatacatg atggcatatg cagcatctat 4260
tcatatgctc taaccttgag tacctatcta ttataataaa caagtatgtt ttataattat 4320
ttcgatcettg atatacttgg atgatggcat atgcagcagce tatatgtgga tttttttagce 4380
cctgecttca tacgctattt atttgcettgg tactgtttet tttgtcgatg ctcaccctgt 4440
tgtttggtgt tacttctgca ggtacagtag ttagttgagg tacagcggcce gcagggcacce 4500
atggtcegte ctgtagaaac cccaacccgt gaaatcaaaa aactcgacgg cctgtgggca 4560
ttcagtetgg atcgcgaaaa ctgtggaatt gatcagegtt ggtgggaaag cgcgttacaa 4620
gaaagccggg caattgectgt gccaggcagt tttaacgatc agttcgccga tgcagatatt 4680
cgtaattatg cgggcaacgt ctggtatcag cgcgaagtct ttataccgaa aggttgggca 4740
ggccagcgta tegtgctgceg tttegatgeg gtcactcatt acggcaaagt gtgggtcaat 4800
aatcaggaag tgatggagca tcagggcggc tatacgccat ttgaagccga tgtcacgecg 4860
tatgttattg ccgggaaaag tgtacgtatc accgtttgtg tgaacaacga actgaactgg 4920
cagactatce cgccgggaat ggtgattacce gacgaaaacyg gcaagaaaaa gcagtcttac 4980
ttccatgatt tctttaacta tgccggaatc catcgcageg taatgctcta caccacgecg 5040
aacacctggg tggacgatat caccgtggtg acgcatgtecg cgcaagactg taaccacgcg 5100
tctgttgact ggcaggtggt ggccaatggt gatgtcageg ttgaactgcg tgatgcggat 5160
caacaggtgg ttgcaactgg acaaggcact agcgggactt tgcaagtggt gaatccgcac 5220
ctctggcaac cgggtgaagg ttatctctat gaactgtgeg tcacagccaa aagccagaca 5280
gagtgtgata tctacccgct tcgegtegge atccggtcag tggcagtgaa gggcgaacag 5340
ttcctgatta accacaaacc gttctacttt actggctttg gtcgtcatga agatgcggac 5400
ttgcgtggca aaggattcga taacgtgctg atggtgcacg accacgcatt aatggactgg 5460
attggggcca actcctaccg tacctcegcat tacccttacg ctgaagagat getcgactgg 5520
gcagatgaac atggcatcgt ggtgattgat gaaactgctg ctgtcggett taacctcectcet 5580
ttaggcattg gtttcgaagce gggcaacaag ccgaaagaac tgtacagcga agaggcagtce 5640
aacggggaaa ctcagcaagc gcacttacag gcgattaaag agctgatage gcgtgacaaa 5700
aaccacccaa gcgtggtgat gtggagtatt gccaacgaac cggatacccg tccgcaaggt 5760
gcacgggaat atttcgcgee actggcggaa gcaacgegta aactcgaccce gacgegtecg 5820
atcacctgcg tcaatgtaat gttctgcgac gctcacaccg ataccatcag cgatctettt 5880
gatgtgctgt gcctgaaccg ttattacgga tggtatgtcc aaagcggcga tttggaaacy 5940
gcagagaagg tactggaaaa agaacttctg gcctggcagg agaaactgca tcagccgatt 6000
atcatcaccg aatacggcgt ggatacgtta gccgggcetgce actcaatgta caccgacatg 6060
tggagtgaag agtatcagtg tgcatggctg gatatgtatc accgcgtctt tgatcgecgtce 6120
agcgccegteg tcggtgaaca ggtatggaat ttcgccgatt ttgcgacctce gcaaggcata 6180
ttgcgegttyg geggtaacaa gaaagggatc ttcactcgeg accgcaaacce gaagtcggceg 6240
gcttttetge tgcaaaaacg ctggactgge atgaactteg gtgaaaaacc gcagcaggga 6300
ggcaaacaat gagacgtccg gtaaccttta aactgagggc actgaagtcg cttgatgtge 6360
tgaattgttt gtgatgttgg tggcgtattt tgtttaaata agtaagcatg gctgtgattt 6420
tatcatatga tcgatctttg gggttttatt taacacattg taaaatgtgt atctattaat 6480
aactcaatgt ataagatgtg ttcattcttc ggttgccata gatctgctta tttgacctgt 6540
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gatgttttga ctccaaaaac caaaatcaca actcaataaa ctcatggaat atgtccacct

gtttcttgaa gagttcatct accattccag ttggcattta tcagtgttge ageggegetg

tgctttgtaa cataacaatt gttacggcat atatccaa

<210> SEQ ID NO 5
<211> LENGTH: 3263

<212> TYPE:

DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION:

SCBV bidirectional

minUbilP minimal core promoter
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(1105) .. (1319)

<223> OTHER INFORMATION: Reverse

<400> SEQUENCE: 5

ctgcagaagt

taaatagcgt

tccaagtata

actcaaggtt

aacccacatc

actatgaaga

tgaaacagta

tcacaaccaa

gtatacctat

tatggcacac

ctactcegat

agcatgaaaa

caaaccaaac

ggctagagee

gtctgacgta

ggatctaaca

aacgccgatce

agcggaggtg

caacacgagg

dcgaggaagyg

dagaggagga

ctggatgeceg

cgcggagtat

tatgccagaa

ctcagagaaa

gacaatggtyg

tgaaacagat

agacccaaga

aggaacctgt

aacaccaaac

atgaaggcag

tcaagatcga

agagcatatg

aacatgtata

tgtatgacac

ttctacteeg

gcgaacaaaa

cctagatcega

acatacagat

ctagaacgac

gatgacccga

cctatgeaac

atcccaggat

caggtcgeat

caaacatgaa

tagagaaggt

CCganggtg

ttggggaggt

gaaagcgaag

ggaggccgcc

acagcggage

cggaagttga

accacatcaa

ggtgagcgaa

agaacgctte

gcatgtgcaa

aatacagagc

gatgcagaaa

aacagggtga

ggctaaaaaa

aataattata

aatagatgct

cctatectag

acacatacag

atctagaacg

agcatctetg

tatttccatc

ccaaaattaa

cgcccaacca

caaacaagtg

gaaacaaaaa

tccccaaaga

cegtgtacga

cagaagtaga

agagaggggg

gatttggggg

accaagaggg

gagcggtggg

tgcegtgecyg

aagtccaacg

agacaaagaa

agcatatcgg

ggctcaatte

caaatctcac

ctggatgggg

aaatctgtag

tctatggggt

complement

gcatcgacaa
atccacatat
aaacatactt
gcatatgcca
atcgatattt
ttccaaaatt
aatgaacgac
tatatgcatc
catcatctte
taaatccacc
gaccacatca
cacggcatat
aaatcatgaa
gaaacactgg
acgctagcag
actaccggge
gg9g9gggggga
agatctggtt
tgtggagggg
aaaggaatcc
gctcacgtet
gtggagcgga
ggtcttaaat
caagcttett
agaagattgg
tattccacca
agcagtatge
gtatgccagt

tatgaatggc

promoter comprising a

of the minUbilP

aagaaacagt

agctgetgea

gtttattata

tcatgtatat

ccatccatct

aataaataca

cgcccaacca

agtaaaaccc

aattcgtaac

aggtagtttyg

tcacaaccaa

attgaaataa

atcgatcceg

caagttagca

cacggatcta

cctaaccatg

dgacgagcgg

gtgtgtgtgt

gtgtctattt

ccegtagetyg

geegeteege

actctecgaga

cctggetage

ggcccattat

aagctgatca

gaagatgcat

aagtggaaga

ggaaaatttg

ttagaaaaga

accaagcaaa

tatgccatca

atagataggt

gcatcagtaa

taaactcgta

ccaggtagtt

caccacatca

gcatcaacat

tatgaatatg

aaacagaatt

gacaaaaaaa

aggaaaaggg

tctgceggaac

atcagaacgt

acacaaacac

catggaccgg

cgtaccttga

gegetecgaa

attacggegyg

ceggtgeegt

cacgcaattt

ggggtccagc

aacactgaac

atccaaagac

ataggatcaa

acattatcat

aaaacaaggc

ataagccaaa

tgagattgtt

6600

6660

6698

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740
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ctacttggac aaaagagaga tcacagtcag aactgacagt
caacaagagt gctgaacaca agccttetga gatcagatgg
cactggtgca ggaccagaga tagtcattga acacataaaa
tgacatcttyg tccaggctca aagccaaatt agetcagaat
cctgettaca caagccataa gggaagtaat tccttatcca
actcagagaa tggggaaaca aaattctgga tccattecce
cgaaagaaca gagcaagctt ttatgctaac agaggaacca
gaagcctgca attcagttag tgtccagaac atctgccaac
gtgcgcaatyg aacaaatgcc attgetggta ctgggcagat
agacagaatt gatgaatttc tcaagaatct tgaagttctg
aatggaggag gaacttatga aggaagtcac caagctgaag
ggaataccag gccacaccaa gggctatgte gccagtagec
ccaagacgta agcaatgacg attgaggagg cattgacgte
gtactgggce cattcagtgg atgctccact gagttgtatt
gtgtgcetgte cactttettt tggcacctgt gecactttat
tttgcttage ttgtaagcaa ggatcgcagt gegtgtgtga
tctgectata taaggcaccg tctgtaaget cttacgatca
ggggtcggat ctagetgaag getcgacaag gcagtccacyg
acaagctgtyg gataggagca accctatcce taatatacca
tccccagate accccagecag attcgaagaa ggtacagtac
gatgtatcce ttcgatcgaa ggcatgectt ggtataatca
tttgttttga caagtcagta gttcatccat ttgtcccatt
ttgcactgge cttggtctaa taactgagta gtcattttat
gtagctcate catctgtcce attttttcag ctaggaagtt
taataactga ttagtcattt tattacattg tttcgacaag
cccattttte agctaggaag tte

<210> SEQ ID NO 6

<211> LENGTH: 1935

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: SCBV promoter containing ADH1 exon 6,

and exon 7
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1564)..(1583)
<223> OTHER INFORMATION: exon-6
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1584)..(1924)
<223> OTHER INFORMATION: intron-6
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1925)..(1935)
<223> OTHER INFORMATION: exon-7

<400> SEQUENCE: 6
atcggaagtt gaagacaaag aaggtcttaa atcctggeta

aaaccacatc aaagcatatc ggcaagette ttggeccatt

-continued

agtgcaatcg aaaggttcta 1800
atcaggttca tggactacat 1860
gggaagagca atggtttagc 1920
gaaccaacgg aagagatgat 1980
gatcatccat acactgagca 2040
acattcaaga aggacatgtt 2100
gttctactct gtgcatgcag 2160
ccaggaagga aattcttcaa 2220
ctcattgaag aacacattca 2280
aagaccggtg gcgtgcaaac 2340
atagaagagc aggagttcga 2400
gcagaagatg tgctagatct 2460
agggatgacc gcagcggaga 2520
attgtgtgct tttcggacaa 2580
tcettgtetyg ccacgatgece 2640
caccaccecce cttecgacge 2700
tcggtagtte accaaggccce 2760
gaggagctga tatttggtgg 2820
gcaccaccaa gtcagggcaa 2880
acacacatgt atatatgtat 2940
ctgagtagtc attttattac 3000
ttttcagett ggaagtttgg 3060
tacgttgttt cgacaagtca 3120
tggttgcact ggccttggac 3180
tcagtagctc atccatctgt 3240
3263

intron 6,

gcaacactga actatgccag 60
atatccaaag acctcagaga 120
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aaggtgagceg aaggctcaat tcagaagatt ggaagctgat caataggatc aagacaatgg 180
tgagaacgct tccaaatctc actattccac cagaagatge atacattatc attgaaacag 240
atgcatgtgce aactggatgg ggagcagtat gcaagtggaa gaaaaacaag gcagacccaa 300
gaaatacaga gcaaatctgt aggtatgcca gtggaaaatt tgataagcca aaaggaacct 360
gtgatgcaga aatctatggg gttatgaatg gcttagaaaa gatgagattg ttctacttgg 420
acaaaagaga gatcacagtc agaactgaca gtagtgcaat cgaaaggttc tacaacaaga 480
gtgctgaaca caagccttcet gagatcagat ggatcaggtt catggactac atcactggtg 540
caggaccaga gatagtcatt gaacacataa aagggaagag caatggttta gctgacatct 600
tgtccaggcet caaagccaaa ttagctcaga atgaaccaac ggaagagatg atcctgetta 660
cacaagccat aagggaagta attccttatc cagatcatce atacactgag caactcagag 720
aatggggaaa caaaattctg gatccattcce ccacattcaa gaaggacatyg ttcgaaagaa 780
cagagcaagc ttttatgcta acagaggaac cagttctact ctgtgcatge aggaagectg 840
caattcagtt agtgtccaga acatctgeca acccaggaag gaaattctte aagtgcgcaa 900
tgaacaaatg ccattgctgg tactgggcag atctcattga agaacacatt caagacagaa 960
ttgatgaatt tctcaagaat cttgaagttc tgaagaccgg tggcgtgcaa acaatggagg 1020
aggaacttat gaaggaagtc accaagctga agatagaaga gcaggagttc gaggaatacce 1080
aggccacacce aagggctatg tcgccagtag ccgcagaaga tgtgctagat ctccaagacg 1140
taagcaatga cgattgagga ggcattgacg tcagggatga ccgcagcgga gagtactggg 1200
cccattcagt ggatgctcca ctgagttgta ttattgtgtg cttttecggac aagtgtgetg 1260
tccactttet tttggcacct gtgccacttt atteccttgte tgccacgatg ccectttgctta 1320
gcttgtaage aaggatcgca gtgegtgtgt gacaccaccce cecttcecgac gctectgecta 1380
tataaggcac cgtctgtaag ctcttacgat catcggtagt tcaccaaggc ccggggtcgg 1440
atctagctga aggctcgaca aggcagtcca cggaggagct gatatttggt ggacaagctg 1500
tggataggag caaccctatc cctaatatac cagcaccacc aagtcagggce aatccccaga 1560
tcaccccage agattcgaag aaggtacagt acacacacat gtatatatgt atgatgtatc 1620
ccttecgatcg aaggcatgcec ttggtataat cactgagtag tcattttatt actttgtttt 1680
gacaagtcag tagttcatcc atttgtccca ttttttcage ttggaagttt ggttgcactg 1740
gccttggtet aataactgag tagtcatttt attacgttgt ttcgacaagt cagtagctca 1800
tcecatctgte ccatttttte agctaggaag tttggttgca ctggccttgg actaataact 1860
gattagtcat tttattacat tgtttcgaca agtcagtagc tcatccatct gtcccatttt 1920
tcagctagga agttce 1935
<210> SEQ ID NO 7
<211> LENGTH: 6616
<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: nucleic acid comprising YFP and GUS gene

expression cassettes driven by an exemplary SCBV bidirectional

promoter
<400> SEQUENCE: 7
agcacttaaa gatctttaga agaaagcaaa gcatttatta atacataaca atgtccaggt 60
agcccagetyg aattacaata cgcaactget cataataatt caacaaaccc aagtagtaca 120
caacatccag aagcaaataa agcccatacg taccaaagec tacacaagca gcaacactca 180
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ctgccagtge cggtgggtcet ttaaagcaca cgggecttga ccacgcgatce caccttgaaa 240
caaacttggt aaaattaaag caaaccagaa gcacacacac gccaacgcaa cgcttctgat 300
cgegegecca aggceccggcee ggccagaacg tacgacggac acgcacacgce tgcgaccgag 360
ctctaggtga ttaagctaac tactcaaagg taggtcttge gacagtcaac agctctgaca 420
gtttctttca aggacatgtt gtctctgtgg tcectgtcacat ctttggaaag tttcacatgg 480
taagacatgt gatgatactc tggaacatga actggacctce caccaatggyg agtgttcate 540
tgggtgtggt cagccactat gaagtcgect ttgetgcecag taatctcatyg acagatcttg 600
aaggctgact tgagaccgtg gttggettgg tcaccccaga tgtagaggca gtggggagtyg 660
aagttgaact ccaagttctt tcccaacaca tgaccatctt tcettgaagece ttgaccattg 720
agtttgacce tattgtagac agacccattc tcaaaggtga cttcagccct agtcttgaag 780
ttgccatcte cttcaaaggt gattgtgege tettgcacat agecatctgyg catacaggac 840
ttgtagaagt ccttcaactc tggaccatac ttggcaaage actgtgctcece ataggtgaga 900
gtggtgacaa gtgtgctcca aggcacagga acatcaccag ttgtgcagat gaactgtgea 960
tcaacctttc ccactgaggc atctccegtag cctttcececcac gtatgctaaa ggtgtggeca 1020
tcaacattcc cttceccatcte cacaacgtaa ggaatcttcce catgaaagag aagtgctcca 1080
gatgccatgg tgtcgtgtgg atccggtaca cacgtgccta ggaccggttce aactaactac 1140
tgcagaagta acaccaaaca acagggtgag catcgacaaa agaaacagta ccaagcaaat 1200
aaatagcgta tgaaggcagg gctaaaaaaa tccacatata gctgctgcat atgccatcat 1260
ccaagtatat caagatcgaa ataattataa aacatacttg tttattataa tagataggta 1320
ctcaaggtta gagcatatga atagatgctg catatgccat catgtatatg catcagtaaa 1380
acccacatca acatgtatac ctatcctaga tcgatatttc catccatctt aaactcgtaa 1440
ctatgaagat gtatgacaca cacatacagt tccaaaatta ataaatacac caggtagttt 1500
gaaacagtat tctactccga tctagaacga atgaacgacc gcccaaccac accacatcat 1560
cacaaccaag cgaacaaaaa gcatctctgt atatgcatca gtaaaacccg catcaacatg 1620
tatacctatc ctagatcgat atttccatcc atcatcttca attcgtaact atgaatatgt 1680
atggcacaca catacagatc caaaattaat aaatccacca ggtagtttga aacagaattc 1740
tactccgate tagaacgacc gcccaaccag accacatcat cacaaccaag acaaaaaaaa 1800
gcatgaaaag atgacccgac aaacaagtgc acggcatata ttgaaataaa ggaaaagggce 1860
aaaccaaacc ctatgcaacg aaacaaaaaa aatcatgaaa tcgatccegt ctgcggaacyg 1920
gctagagceca tcccaggatt ccccaaagag aaacactgge aagttagcaa tcagaacgtg 1980
tctgacgtac aggtcgcatc cgtgtacgaa cgctagcagc acggatctaa cacaaacacg 2040
gatctaacac aaacatgaac agaagtagaa ctaccgggcec ctaaccatgce atggaccgga 2100
acgccgatcet agagaaggta gagagggggyg ggggggggag gacgagcegge gtaccttgaa 2160
gcggaggtge cgacgggtgg atttggggga gatctggttg tgtgtgtgtg cgctceccgaac 2220
aacacgaggt tggggaggta ccaagagggt gtggaggggg tgtctattta ttacggcggg 2280
cgaggaaggg aaagcgaagg agcggtggga aaggaatccce cegtagetge cggtgecgtg 2340
agaggaggag gaggccgect geecgtgecgg cteacgtetyg cegetccgece acgcaattte 2400
tggatgccga cagcggagca agtccaacgg tggagcggaa ctcetecgagag gggtccagece 2460
gcggagtatce ggaagttgaa gacaaagaag gtcttaaatc ctggctagca acactgaact 2520
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atgccagaaa ccacatcaaa gcatatcggce aagcttcttg gecccattata tccaaagacce 2580
tcagagaaag gtgagcgaag gctcaattca gaagattgga agctgatcaa taggatcaag 2640
acaatggtga gaacgcttcc aaatctcact attccaccag aagatgcata cattatcatt 2700
gaaacagatyg catgtgcaac tggatgggga gcagtatgca agtggaagaa aaacaaggca 2760
gacccaagaa atacagagca aatctgtagg tatgccagtg gaaaatttga taagccaaaa 2820
ggaacctgtg atgcagaaat ctatggggtt atgaatggct tagaaaagat gagattgttce 2880
tacttggaca aaagagagat cacagtcaga actgacagta gtgcaatcga aaggttctac 2940
aacaagagtg ctgaacacaa gccttctgag atcagatgga tcaggttcat ggactacatc 3000
actggtgcag gaccagagat agtcattgaa cacataaaag ggaagagcaa tggtttagct 3060
gacatcttgt ccaggctcaa agccaaatta gctcagaatg aaccaacgga agagatgatc 3120
ctgcttacac aagccataag ggaagtaatt ccttatccag atcatccata cactgagcaa 3180
ctcagagaat ggggaaacaa aattctggat ccattcccca cattcaagaa ggacatgttce 3240
gaaagaacag agcaagcttt tatgctaaca gaggaaccag ttctactctg tgcatgcagg 3300
aagcctgcaa ttcagttagt gtccagaaca tctgccaacc caggaaggaa attcttcaag 3360
tgcgcaatga acaaatgcca ttgctggtac tgggcagatc tcattgaaga acacattcaa 3420
gacagaattg atgaatttct caagaatctt gaagttctga agaccggtgg cgtgcaaaca 3480
atggaggagg aacttatgaa ggaagtcacc aagctgaaga tagaagagca ggagttcgag 3540
gaataccagg ccacaccaag ggctatgtcg ccagtagcceg cagaagatgt gctagatctce 3600
caagacgtaa gcaatgacga ttgaggaggc attgacgtca gggatgaccyg cagcggagag 3660
tactgggccce attcagtgga tgctccactg agttgtatta ttgtgtgctt ttcggacaag 3720
tgtgctgtce actttctttt ggcacctgtg ccactttatt ccttgtctge cacgatgect 3780
ttgcttaget tgtaagcaag gatcgcagtg cgtgtgtgac accacccccece tteccgacgcet 3840
ctgcctatat aaggcaccgt ctgtaagctce ttacgatcat cggtagttca ccaaggcccg 3900
gggtcggatce tagctgaagg ctcgacaagg cagtccacgg aggagctgat atttggtgga 3960
caagctgtgg ataggagcaa ccctatccct aatataccag caccaccaag tcagggcaat 4020
cceccagatca ccccagcaga ttcgaagaag gtacagtaca cacacatgta tatatgtatg 4080
atgtatccct tcgatcgaag gcatgcecttg gtataatcac tgagtagtca ttttattact 4140
ttgttttgac aagtcagtag ttcatccatt tgtcccattt tttcagcttg gaagtttggt 4200
tgcactggcce ttggtctaat aactgagtag tcattttatt acgttgtttc gacaagtcag 4260
tagctcatcce atctgtccecca ttttttcage taggaagttt ggttgcactg gecttggact 4320
aataactgat tagtcatttt attacattgt ttcgacaagt cagtagctca tccatctgtce 4380
ccatttttca gctaggaagt tcgcggccge agggcaccat ggtccgtcect gtagaaaccce 4440
caacccgtga aatcaaaaaa ctcgacggcce tgtgggcatt cagtctggat cgcgaaaact 4500
gtggaattga tcagcgttgg tgggaaagcg cgttacaaga aagccgggca attgectgtge 4560
caggcagttt taacgatcag ttcgccgatg cagatattcg taattatgcg ggcaacgtct 4620
ggtatcagcg cgaagtcttt ataccgaaag gttgggcagg ccagcgtatc gtgcectgegtt 4680
tcgatgeggt cactcattac ggcaaagtgt gggtcaataa tcaggaagtg atggagcatc 4740
agggcggcta tacgccattt gaagccgatg tcacgccegta tgttattgcce gggaaaagtg 4800
tacgtatcac cgtttgtgtg aacaacgaac tgaactggca gactatcccg ccgggaatgg 4860
tgattaccga cgaaaacggc aagaaaaagc agtcttactt ccatgatttc tttaactatg 4920
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ccggaatcca tcgcagcgta atgctctaca ccacgccgaa cacctgggtg gacgatatca 4980
ccgtggtgac gecatgtcgeg caagactgta accacgegtce tgttgactgg caggtggtgg 5040
ccaatggtga tgtcagcgtt gaactgcgtg atgcggatca acaggtggtt gcaactggac 5100
aaggcactag cgggactttg caagtggtga atccgcacct ctggcaaccg ggtgaaggtt 5160
atctctatga actgtgcgtc acagccaaaa gccagacaga gtgtgatatc tacccgecttce 5220
gcgteggeat ccggtcagtg gcagtgaagg gcgaacagtt cctgattaac cacaaaccgt 5280
tctactttac tggctttggt cgtcatgaag atgcggactt gcgtggcaaa ggattcgata 5340
acgtgctgat ggtgcacgac cacgcattaa tggactggat tggggccaac tcctaccgta 5400
cctcecgecatta cecttacget gaagagatgce tcgactgggce agatgaacat ggcatcgtgg 5460
tgattgatga aactgctgct gtcggcttta acctctettt aggcattggt ttcgaagegg 5520
gcaacaagcce gaaagaactg tacagcgaag aggcagtcaa cggggaaact cagcaagcgce 5580
acttacaggc gattaaagag ctgatagcgc gtgacaaaaa ccacccaagce gtggtgatgt 5640
ggagtattgc caacgaaccg gatacccgtc cgcaaggtgc acgggaatat ttcgcgcecac 5700
tggcggaagce aacgcgtaaa ctcgacccga cgegtccgat cacctgcegte aatgtaatgt 5760
tctgcgacge tcacaccgat accatcagcg atctctttga tgtgctgtge ctgaaccgtt 5820
attacggatg gtatgtccaa agcggcgatt tggaaacggc agagaaggta ctggaaaaag 5880
aacttctggce ctggcaggag aaactgcatc agccgattat catcaccgaa tacggcgtgg 5940
atacgttagc cgggctgcac tcaatgtaca ccgacatgtg gagtgaagag tatcagtgtg 6000
catggctgga tatgtatcac cgcgtcectttg atcgegtcag cgccecgtcecgte ggtgaacagg 6060
tatggaattt cgccgatttt gcgacctcge aaggcatatt gecgcegttgge ggtaacaaga 6120
aagggatctt cactcgcgac cgcaaaccga agtcggceggce ttttetgctg caaaaacgcet 6180
ggactggcat gaacttcggt gaaaaaccgc agcagggagg caaacaatga gacgtcceggt 6240
aacctttaaa ctgagggcac tgaagtcgct tgatgtgcetg aattgtttgt gatgttggtg 6300
gcgtattttyg tttaaataag taagcatggce tgtgatttta tcatatgatc gatctttggg 6360
gttttattta acacattgta aaatgtgtat ctattaataa ctcaatgtat aagatgtgtt 6420
cattcttecgg ttgccataga tetgcttatt tgacctgtga tgttttgact ccaaaaacca 6480
aaatcacaac tcaataaact catggaatat gtccacctgt ttcttgaaga gttcatctac 6540
cattccagtt ggcatttatc agtgttgcag cggcgctgtg ctttgtaaca taacaattgt 6600
tacggcatat atccaa 6616
<210> SEQ ID NO 8
<211> LENGTH: 19
<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: YFP Forward primer
<400> SEQUENCE: 8
gatgcctcag tgggaaagg 19

<210> SEQ ID NO 9
<211> LENGTH: 22

<212> TYPE

: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: YFP Reverse primer
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<400> SEQUENCE: 9

ccataggtga gagtggtgac aa

<210> SEQ ID NO 10

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Invertase forward primer

<400> SEQUENCE: 10

tggcggacga cgacttgt

<210> SEQ ID NO 11

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Invertase Reverse primer

<400> SEQUENCE: 11

aaagtttgga ggctgecgt

<210> SEQ ID NO 12

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Invertase probe

<400> SEQUENCE: 12

cgagcagace gccgtgtact tctacce

<210> SEQ ID NO 13

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: AAD1 Forward primer

<400> SEQUENCE: 13

tgttcggtte cctctaccaa

<210> SEQ ID NO 14

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: AAD1 Reverse primer

<400> SEQUENCE: 14

caacatccat caccttgact ga

<210> SEQ ID NO 15

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: AADl probe

<400> SEQUENCE: 15

cacagaaccg tcgcttcage aaca

<210> SEQ ID NO 16
<211> LENGTH: 215

22

18

19

26

20

22

24
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<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: min-UbilP or Ubil-min P Minimal core promoter

<400> SEQUENCE: 16
ctggaccect ctegagtgtt cegettecace
tgttgegtgyg cggageggea gacttgagece
cggcatctgt agectacgggg gattecttte
tgccgaaata atgttacace ccctecacag
<210> SEQ ID NO 17

<211> LENGTH: 215
<212> TYPE: DNA

gttggacttg ctacgctgtce agcatcgaga
gtcacggcag gcggcectect cctectetea
gecaccgeteg ttegetttee cttectegte

cctet

<213> ORGANISM: Artificial sequence

<220> FEATURE:

60

120

180

215

<223> OTHER INFORMATION: min-UbilP or Ubil-min P Minimal core promoter 2

<400> SEQUENCE: 17
ctggaccect ctegagagtt cegetccace
aaatgcttgg cagtgeggea gacgtgagece
cggcacatga agctacgggt gatagettge
cgccegtaata aatagacacce ccttecacaa
<210> SEQ ID NO 18

<211> LENGTH: 215
<212> TYPE: DNA

gttggactag ctctgctgte ggcatccaga
ggcacggcag ggggcectect cctgetcetca
ccaccgetee aacgetttece cttactetea

cctet

<213> ORGANISM: Artificial sequence

<220> FEATURE:

60

120

180

215

<223> OTHER INFORMATION: min-UbilP or Ubil-min P Minimal core promoter 3

<400> SEQUENCE: 18

ctggacctet ctegagagtt gegetccace

atttgegtgg cggageggca gacgggagece

cggcacctge aactacgggg gattectate

ctccttaata agtagacacce ccatccgage

<210> SEQ ID NO 19

<211> LENGTH: 215
<212> TYPE: DNA

gatggacttg ctccgetgte ggcegtecata
ggcacggcag ggagcctegt cctectcetea
ccaccgctee ttegetttea cttettegec

cctet

<213> ORGANISM: Artificial sequence

<220> FEATURE:

60

120

180

215

<223> OTHER INFORMATION: min-UbilP or Ubil-min P Minimal core promoter 4

<400> SEQUENCE: 19

caagacccct ctegagagtt ccgeaccace

aattgcegtgg cggaacggta aacgtgagcece

cgacaccgge agctacgggg gatacctgte

cgcegtaata tgtatacact cectecgeac

<210> SEQ ID NO 20

<211> LENGTH: 215
<212> TYPE: DNA

gttggacgtyg ctccgctate tgcatccaga
gtcacggcag gcggcectect cctectetea
acacagctce ttegetttte tttectegec

cctet

<213> ORGANISM: Artificial sequence

<220> FEATURE:

60

120

180

215

<223> OTHER INFORMATION: min-UbilP or Ubil-min P Minimal core promoter 5

<400> SEQUENCE: 20
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ctggaccect ctegagggtt cegttecace
aatagcegtgg cggageggca gacgtgatcce
cagcaccgge agctatggga gattccatte
cgeegtgata gatagacace ccctecacac
<210> SEQ ID NO 21

<211> LENGTH: 215
<212> TYPE: DNA

gttggtcttyg gtcegetgte gggatccaga

ggcacggcat gcggectect agtcectatca

ccaccgetee tgegetttea ctggetggec

cctet

<213> ORGANISM: Artificial sequence

<220> FEATURE:

60

120

180

215

<223> OTHER INFORMATION: min-UbilP or Ubil-min P Minimal core promoter 6

<400> SEQUENCE: 21
gttggettet cttgtgagtt ctgcettcacyg
atttgegtgg cgtageggeg gacgtgatcce
cttaagcgac agctacaggg gattecttte
cgccegtaata aatagacace ccttecacte
<210> SEQ ID NO 22

<211> LENGTH: 215
<212> TYPE: DNA

gatggacttg gtcaacggac ggcatccaga

ggcgeggeag geggettect cctectetea

ccaccgetee ttegettgee gtacctegec

cctet

<213> ORGANISM: Artificial sequence

<220> FEATURE:

60

120

180

215

<223> OTHER INFORMATION: min-UbilP or Ubil-min P Minimal core promoter 7

<400> SEQUENCE: 22
ctggatcect ctegagagtg cggetecgac
aattgcegtgg tggagaggca gacttgagece
cggtatcegge agcaacggga gaatccttge
cgctgatatt gatagacace ccctgeatac
<210> SEQ ID NO 23

<211> LENGTH: 215
<212> TYPE: DNA

gttggacttyg ctccgaagtce ggcatccaaa

ggcacggcag gaggcctegt cctactegea

actctgctee ttegetgtac cttectegec

cctet

<213> ORGANISM: Artificial sequence

<220> FEATURE:

60

120

180

215

<223> OTHER INFORMATION: min-UbilP or Ubil-min P Minimal core promoter 8

<400> SEQUENCE: 23
atggaccctt ctegagtgtt cggetcecace
aattgcgaga cggagctaca aacgtaagaa
cggcaccgge agctacgggg gattectgte
cgccataatt aataagcacce ccctecgeac
<210> SEQ ID NO 24

<211> LENGTH: 215
<212> TYPE: DNA

gttagacttg ctccacgatc gacatcaaga

atctcggtag ggggectect cctectetea

ccacctetee ttcacgttee ctacctegec

cctet

<213> ORGANISM: Artificial sequence

<220> FEATURE:

60

120

180

215

<223> OTHER INFORMATION: min-UbilP or Ubil-min P Minimal core promoter 9

<400> SEQUENCE: 24

ctggaccect ctaaagagtt ccacgecace

aattacttgg cggatcagca gacgtgagcece

cgatgecegte agctacgggg gattecttte

tgccggatta aataggcage ttetegtcac

gttataatgg ctccgctgte ggcatccaga

agcatggcetyg geggectect cctectetea

ccaacgctee ttegetttee tatgegegec

cctet

60

120

180

215
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<210> SEQ ID NO 25
<211> LENGTH: 215
<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: min-UbilP or Ubil-min P Minimal core promoter

10
<400> SEQUENCE: 25
caagacacct ctegattgtt cegettecace
aattgcttgg cgaagcggca gacatgagece
tggcaccgge agttactggt gaatcctate
cgccgaaaat aattgacacce ccatccacac
<210> SEQ ID NO 26

<211> LENGTH: 215
<212> TYPE: DNA

gttggacttt ctcctcagtce ggcatacaga

ggcacgacat gcgtcctcat tctectcetca

gecaccgetee ttegetgtece cttaatcgec

cctet

<213> ORGANISM: Artificial sequence

<220> FEATURE:

60

120

180

215

<223> OTHER INFORMATION: min-UbilP or Ubil-min P Minimal core promoter

11
<400> SEQUENCE: 26
gaggacccct ctegtgtgta tegetcecace
aaattcgttyg cgaagecggca gacgtgagece
aggcacgtge agctacagat gatgecttte
atcagtaatg aatggacacg tcctecagac
<210> SEQ ID NO 27

<211> LENGTH: 215
<212> TYPE: DNA

tttggagttyg gtccactatc ggegtacaga

tacacggcag tcggectcta cctectgaca

ccaccactee ttegegttece tttectegec

tctet

<213> ORGANISM: Artificial sequence

<220> FEATURE:

60

120

180

215

<223> OTHER INFORMATION: min-UbilP or Ubil-min P Minimal core promoter

12
<400> SEQUENCE: 27
ctgaacccat ctegagtatg ccgeacgate
aattgcattyg gggagcatca ggegtgagece
cggcaccgge aactacgggg gatgettgac
tgccegtatta aatagataac cccttcacac
<210> SEQ ID NO 28

<211> LENGTH: 215
<212> TYPE: DNA

gattgacatg ctccactggce agcatccaga

tgcacggcag gcggactatt cctectegeg

cgaccgctee atcgatttec caatcteget

cctet

<213> ORGANISM: Artificial sequence

<220> FEATURE:

60

120

180

215

<223> OTHER INFORMATION: min-UbilP or Ubil-min P Minimal core promoter

13

<400> SEQUENCE: 28

ctggactect tacgggagat ccgctccace

aagggcgtgg gggagcggea gtcgggggea

cggggecgge agttgagggg gattectgte

tgccatatta aatagtcacc ccctecacaa

<210> SEQ ID NO 29

gttggactag ctccgtttte ggcttcaata

ggcacggcag tggtcctcat ccatatctca

ccacctcace tactetttee ctacctegte

ccttt

60

120

180

215



83

US 9,453,235 B2

-continued

<211> LENGTH: 215
<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: min-UbilP or Ubil-min P Minimal core promoter

14

<400> SEQUENCE: 29

ttggaccect ctegaaagtt aggcteegece

aattgcegggyg cggagggtca gacgtgtgece

aggcactgge aactacgggt gattcattte

ctcegtatta taatgacacce ccctecacac

<210> SEQ ID NO 30

<211> LENGTH: 215
<212> TYPE: DNA

gttggactgg tttcgeggte atcaatcagyg

ggcacagcag gtggcctect catcgtcaca

cttcagcace tacgcttacce ctgecacgec

cttat

<213> ORGANISM: Artificial sequence

<220> FEATURE:

60

120

180

215

<223> OTHER INFORMATION: min-UbilP or Ubil-min P Minimal core promoter

15

<400> SEQUENCE: 30

ctggacccca cgeggggttt tegttectece

gaatatatgt cggagcggaa gacgtgagcec

cgacaccgge aggtacgggg gattecegtte

ggtcgtatta aatagacacc gtgtccacag

<210> SEQ ID NO 31

<211> LENGTH: 215
<212> TYPE: DNA

gttgggatag ctccggtgte agcatacaga

gacacggegg gctgecgect cctectgtea

cecgecgcaca gtcacttteg cttecttgec

cctet

<213> ORGANISM: Artificial sequence

<220> FEATURE:

60

120

180

215

<223> OTHER INFORMATION: min-UbilP or Ubil-min P Minimal core promoter

16

<400> SEQUENCE: 31

cttgagccca ctetagagtt cegttteace

aagtgggagg cagaacgtca tatgagagtce

ctacagcggyg agctgeggaa tatacctgte

caccgtagaa aaatgacagt cccttcacac

<210> SEQ ID NO 32

<211> LENGTH: 215
<212> TYPE: DNA

gaatgactag ctccgctgte ggtatccatt

ggcacgggag gcgttcegeca cgtccgegcea

ccaatgctge tacgetttee ctteegegec

cctet

<213> ORGANISM: Artificial sequence

<220> FEATURE:

60

120

180

215

<223> OTHER INFORMATION: min-UbilP or Ubil-min P Minimal core promoter

17

<400> SEQUENCE: 32

taggaggcct ctegaaaggt ccggaactcce

aatatcatgg gggagctgca gacgagagcece

cagctgegge agcaacggag tatgetttte

ggccagaata agtagacatc agcgccacac

<210> SEQ ID NO 33

<211> LENGTH: 215
<212> TYPE: DNA

gtaggacgtg ctccgctgac agcatccagg

tggacgacaa ggggtcacct cggeegetga

tcaccgctee ggegetttee cttegacgea

cctet

<213> ORGANISM: Artificial sequence

60

120

180

215
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<220> FEATURE:

<223> OTHER INFORMATION: min-UbilP or Ubil-min P Minimal core promoter
18

<400> SEQUENCE: 33

cttgtecteca ctcetgatgtt ccgctccaac atttgatttyg ctectetgta ggcatacagt 60

tattggggga ctgatcggca gacgtgagece agcactgcaa acggccaact cctectetet 120

cgactaaggg attaattaag gataccttac cecgeggctee ttetetttece ctacctagece 180

cgccttatta aatagagacc gcctccacag ccgcet 215

<210> SEQ ID NO 34

<211> LENGTH: 215

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: min-UbilP or Ubil-min P Minimal core promoter
19

<400> SEQUENCE: 34

ctgtaccctt cacaagggtt acacgctacc gatggacttyg caccactgtg gggttccaat 60

aattgcegtgg ctgggegtca gacatattce ggcatggcaa geggectget cctectetgg 120

gagcaccgge aacaatgggg gattccaage ccgcaggtec ttegttttac cgtectegece 180

cgccgtagta tgtaggcatc ccagagacta cctcet 215

<210> SEQ ID NO 35

<211> LENGTH: 215

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: min-UbilP or Ubil-min P Minimal core promoter
20

<400> SEQUENCE: 35

caggaaccct aacgagggtt ccgcacgacc aaatgacttg atcttcetgte ggcatccaga 60

aatggggtgt cagagcggcea tgegtgagee ggeggggegt geggectcat getgeteteg 120

cgggactagg agttacgggg gatacctgta ttgccgctece gacactgtac catcctctee 180
cgccggagta tagagacacc ccctcgacge catat 215
<210> SEQ ID NO 36

<211> LENGTH: 215

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: min-UbilP or Ubil-min P Minimal core promoter
21

<400> SEQUENCE: 36

ctgtgetect gtatggggtt caactccacce gtgaaatttg cgectctgte gtcatccaga 60

aattgcgtgg ttgatctgct gacgttaaag ggctctgecag geggettect tceggetatga 120

aggtactggce gtctgcaagt gatgcttttg ctaactcgece ttegatgtece cttectegeg 180

tgctttaata ggttgtcage cgctccagac cattt 215

<210> SEQ ID NO 37

<211> LENGTH: 215

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: min-UbilP or Ubil-min P Minimal core promoter

22
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<400> SEQUENCE: 37

ctggteccat cgctagtggt acgctccacce ggtggagtag ctcagatgte tgaagggtgg 60

aatttagagg tggagagaca gacgtgagct agagcggcat gggacctggt ccaccgetceg 120

aggcaatggce aacgactgtt gaaaccttge ccaccactee tgcaatttte catcctcace 180

ggccggaatyg aattaaaacc cacgtcacaa cctcet 215

<210> SEQ ID NO 38

<211> LENGTH: 215

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: min-UbilP or Ubil-min P Minimal core promoter
23

<400> SEQUENCE: 38

cgtgacaggg ctcegggtgtt cggctcecatce gtagtgcatyg cgecgatgta agtatacaag 60

aagtacgtgg cttggegtcet gacgagggece gtcaaggcag geggectect tctaagetta 120

cggegecgge aggttegtag gttaccttac actcaactca tagtctatcet attactcegta 180

ctgcgttata aattgtcacc ccctccacac cctet 215

<210> SEQ ID NO 39

<211> LENGTH: 215

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: min-UbilP or Ubil-min P Minimal core promoter
24

<400> SEQUENCE: 39

aggaacgctt ctcgatggtt gecgcacatag gagggacttyg atagtcggtyg gaaatctaag 60

aattgcatat cagatctgca gacgttagcc gacatggcta gcagactact ccgcttcaca 120

cgtcagcgaa agcgacggag gatttcettge caacggcegece ttegegaacce cttectegece 180

cgtcggaaga aagatactcc ccttgcacac cctcet 215

<210> SEQ ID NO 40

<211> LENGTH: 215

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: min-UbilP or Ubil-min P Minimal core promoter
25

<400> SEQUENCE: 40

cttgacttgg ctcgagagtt ctgcgettee attgtagttyg cagegatgte ggagtccgag 60

ggttgegtygyg cggtgcggca gacgtgggca gatacgactg tatgccagca cctaaacata 120

cggtaccaga agctgeggtg gataccttte cecgacgcata tacgttttece gtgectctca 180

cgccgtagta aataaactcecc cecctcectgtt ccttt 215

<210> SEQ ID NO 41

<211> LENGTH: 8

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: YFP probe

<400> SEQUENCE: 41

cttggagce 8
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90

<210> SEQ ID NO 42

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Cry34 Forward Primer

<400> SEQUENCE: 42

gccaacgace agatcaagac

<210> SEQ ID NO 43

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Cry34 Reverse Primer

<400> SEQUENCE: 43

geegttgaty gagtagtaga tgg

<210> SEQ ID NO 44

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Cry34 Probe

<400> SEQUENCE: 44

ccgaatccaa cggettca

<210> SEQ ID NO 45

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Cry35 Forward Primer

<400> SEQUENCE: 45

cctecatecege cteaceg

<210> SEQ ID NO 46

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Cry35 Reverse Primer

<400> SEQUENCE: 46

ggtagtcctt gagettggtyg te

<210> SEQ ID NO 47

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Cry35 Probe

<400> SEQUENCE: 47

cagcaatgga acctgacgt

<210> SEQ ID NO 48

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

20

23

18

17

22

19
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<223> OTHER INFORMATION: PAT Forward Primer
<400> SEQUENCE: 48

acaagagtgg attgatgatc tagagaggt

<210> SEQ ID NO 49

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: PAT Reverse Primer

<400> SEQUENCE: 49

ctttgatgee tatgtgacac gtaaacagt

<210> SEQ ID NO 50

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: PAT Probe

<400> SEQUENCE: 50

ggtgttgtgg ctggtattge ttacgctgyg
<210> SEQ ID NO 51

<211> LENGTH: 234

<212> TYPE: PRT

<213> ORGANISM: Phialidium sp.

<400> SEQUENCE: 51

Met Ser Ser Gly Ala Leu Leu Phe His Gly Lys Ile Pro Tyr Val Val
1 5 10 15

Glu Met Glu Gly Asn Val Asp Gly His Thr Phe Ser Ile Arg Gly Lys
20 25 30

Gly Tyr Gly Asp Ala Ser Val Gly Lys Val Asp Ala Gln Phe Ile Cys
35 40 45

Thr Thr Gly Asp Val Pro Val Pro Trp Ser Thr Leu Val Thr Thr Leu
50 55 60

Thr Tyr Gly Ala Gln Cys Phe Ala Lys Tyr Gly Pro Glu Leu Lys Asp
65 70 75 80

Phe Tyr Lys Ser Cys Met Pro Glu Gly Tyr Val Gln Glu Arg Thr Ile
85 90 95

Thr Phe Glu Gly Asp Gly Val Phe Lys Thr Arg Ala Glu Val Thr Phe
100 105 110

Glu Asn Gly Ser Val Tyr Asn Arg Val Lys Leu Asn Gly Gln Gly Phe
115 120 125

Lys Lys Asp Gly His Val Leu Gly Lys Asn Leu Glu Phe Asn Phe Thr
130 135 140

Pro His Cys Leu Tyr Ile Trp Gly Asp Gln Ala Asn His Gly Leu Lys
145 150 155 160

Ser Ala Phe Lys Ile Met His Glu Ile Thr Gly Ser Lys Glu Asp Phe
165 170 175

Ile Val Ala Asp His Thr Gln Met Asn Thr Pro Ile Gly Gly Gly Pro
180 185 190

Val His Val Pro Glu Tyr His His Ile Thr Tyr His Val Thr Leu Ser
195 200 205

Lys Asp Val Thr Asp His Arg Asp Asn Met Ser Leu Val Glu Thr Val
210 215 220
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Arg Ala Val Asp Cys Arg Lys Thr Tyr Leu
230

225

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 52
H: 234
PRT

ISM: Phialidium sp.

<400> SEQUENCE: 52

Met Ser Ser
1

Glu Met Glu
Gly Tyr Gly
35

Thr Thr Gly
50

Thr Tyr Gly
65

Phe Tyr Lys

Thr Phe Glu

Glu Asn Gly

115

Lys Lys Asp
130

Pro His Cys
145

Ser Ala Phe

Ile Val Ala

Val His Val

195

Lys Asp Val
210

Arg Ala Val
225

<210> SEQ I
<211> LENGT.
<212> TYPE:

Gly Ala Leu Leu Phe

Gly Asn Val Asp Gly

20

Asp Ala Ser Val Gly

40

Asp Val Pro Val Pro

55

Ala Gln Cys Phe Ala

70

Ser Cys Met Pro Asp

85

Gly Asp Gly Asn Phe

100

Ser Val Tyr Asn Arg

120

Gly His Val Leu Gly

135

Leu Tyr Ile Trp Gly
150

Lys Ile Cys His Glu

165

Asp His Thr Gln Met

180

Pro Glu Tyr His His

200

Thr Asp His Arg Asp

215

Asp Cys Arg Lys Thr
230

D NO 53
H: 11406
DNA

<213> ORGANISM: Artificial

<220> FEATU

RE:

His Gly Lys
His Thr Phe
25

Lys Val Asp

Trp Ser Thr

Lys Tyr Gly

Gly Tyr Val

90

Lys Thr Arg
105

Val Lys Leu

Lys Asn Leu

Asp Gln Ala
155

Ile Thr Gly
170

Asn Thr Pro
185
Met Ser Tyr

Asn Met Ser

Tyr Leu

Ile Pro Tyr
Ser Ile Arg
30

Ala Gln Phe
45

Leu Val Thr
60

Pro Glu Leu

Gln Glu Arg

Ala Glu Val

110

Asn Gly Gln
125

Glu Phe Asn
140

Asn His Gly

Ser Lys Gly

Ile Gly Gly
190

His Val Lys
205

Leu Lys Glu
220

Val Val

Gly Lys

Ile Cys

Thr Leu

Lys Asp

Thr Ile

95

Thr Phe

Gly Phe

Phe Thr

Leu Lys

160
Asp Phe
175
Gly Pro

Leu Ser

Thr Val

<223> OTHER INFORMATION: pDAB108719 gene expression cassette

<400> SEQUE:

aattacaacg

gtttgaaatt

atattactca

atttggtcta

ggccgcacaa

agtcatcacg

NCE: 53

gtatatatcc

agaaagctcg

ccagatccta

atttagtttg

gtttgtacaa

cagactatct

tgccagtcag

caattgaggt

accggtgtga

gtattgagta

aaaagcaggc

cagcatgtge

catcatcaca

ctacaggceca

tcatgggeeyg

aaacaaattc

tgagtattca

gtagcacgte

ccaaaagtta

aattcgetet

cgattaaaaa

ggcgecatge

ctacagtagt

tagacctagg

ggcccgaata

tagccgtaca

tctcaattat

cegggcaage

gcatcgatgg

taggttaatt

60

120

180

240

300

360
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aagcttgcat gccggaggaa atatgaattc agcacttaaa gatctttaga agaaagcaaa 420
gcatttatta atacataaca atgtccaggt agcccagctg aattacaata cgcaactget 480
cataataatt caacaaaccc aagtagtaca caacatccag aagcaaataa agcccatacg 540
taccaaagcce tacacaagca gcaacactca ctgccagtge cggtgggtet ttaaagcaca 600
cgggecttga ccacgcgatce caccttgaaa caaacttggt aaaattaaag caaaccagaa 660
gcacacacac gccaacgcaa cgcttcectgat cgcgegecca aggcccggec ggcecagaacyg 720
tacgacggac acgcacacgc tgcgaccgag ctctcaaagg taggtcttge gacagtcaac 780
agctctgaca gtttctttca agctcatgtt gtctcectgtgg tectgtcacat ctttggaaag 840
tttcacatgg taagacatat gatgatactc tggaacatga actggacctc caccaatggg 900
agtgttcatce tgggtgtggt cagccactat gaagtcgect ttgctgccag taatctcatg 960
acatatcttg aaggctgact tgagaccgtg gttggcttgg tcectccccaga tgtagaggca 1020
gtggggagtyg aagttgaact ccaagttctt tcccaacacg tgaccatctt tcttgaagece 1080
ttgaccattg agtttgaccc tattgtagac agacccattc tcaaaggtga cttcagccct 1140
agtcttgaag ttgccatctce cttcaaaggt gattgtgcege tcecttgcacat agccatctgg 1200
catacaggac ttgtagaagt ccttcaactc tggaccatac ttggcaaagc actgtgctcce 1260
ataggtgaga gtggtgacaa gtgtgctcca aggcacagga acatctccgg tagtacagat 1320
gaattgtgca tcaacctgca catcaccatg ttttggtcat atattagaaa agttataaat 1380
taaaatatac acacttataa actacagaaa agcaatagct atatactaca ttcttttatt 1440
ttgaaaaaaa tacttgaaat actatattac tactaattag tgataattat tatatatata 1500
tcaaaggtag aagcagaaac atacctttcc cactgaggca tctccgtage cttteccacg 1560
tatgctaaag gtgtggccat caacattcce ttceccatctecce acaacgtaag gaatcttcce 1620
atgaaagaga agtgctccag atgacatagg gccgggattc tcctccacgt caccgcatgt 1680
tagaagactt cctctgcecct cgcgggcagg cctaactcecca ccaactgtgg tgcgagtcaa 1740
gtatctgaac ttgccagcat agtcaggaac agcacggtgc atggtgcaca agttgtccca 1800
gacaaggact tggtctttct tccacctcac acggcaagtyg aagtcaaatc tggtggcatg 1860
ctcatagagg aactgaagca atggctttga ttctgcatct gtcatgccct caattcectcetg 1920
acagtagact tgattcacat aaaggccttt ccttccagag ccaggatgag tcacaaccaa 1980
gggatggact gtctctctgt caccagcatc aacatccatc accttgactg aggtgttget 2040
gaagcgacgg ttectgtgctt ggtagaggga accgaacaca cgtgtggcag agtgcacaac 2100
gttgagcecct tcgatggtgg cttgcatggt tggagacaag gtctcccaag ctgtgtacat 2160
tgaaaggaac ccagtgtctc cgccatgctce aggaacatct atggccctca tcacaacagce 2220
agctggaggt gcatcaagga aagtggagtc tgtgtgccag tcatcaccaa tcacccttcee 2280
agactcattg gcttctctge ggatcatctg aacctctgga tagccttcaa tgctcttgag 2340
aagaggcact ggatcaactg gtccaaacct tcttgagaat gcaatgtgct gcectcattggt 2400
gattgcttgg ccaggaaagt agatgacttg gtaagtgtgg aaggcatcca atatctcatt 2460
ccaggtgctg tcatcaagtyg gttccectcaa gtccactceca gtgatctcag caccaaggac 2520
accagtgagt ggctggacag ctattctcte aaagcegttgg gagagagggce tgagggcagc 2580
atgagccatg gtgtcgtgtyg gatccctgca gaagtaacac caaacaacag ggtgagcatc 2640
gacaaaagaa acagtaccaa gcaaataaat agcgtatgaa ggcagggcta aaaaaatcca 2700
catatagctg ctgcatatgc catcatccaa gtatatcaag atcgaaataa ttataaaaca 2760
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tacttgttta ttataataga taggtactca aggttagagc atatgaatag atgctgcata 2820
tgccatcatg tatatgcatc agtaaaaccc acatcaacat gtatacctat cctagatcga 2880
tatttccatc catcttaaac tcgtaactat gaagatgtat gacacacaca tacagttcca 2940
aaattaataa atacaccagg tagtttgaaa cagtattcta ctccgatcta gaacgaatga 3000
acgaccgcce aaccacacca catcatcaca accaagcgaa caaaaagcat ctctgtatat 3060
gcatcagtaa aacccgcatc aacatgtata cctatcctag atcgatattt ccatccatca 3120
tcttcaattc gtaactatga atatgtatgg cacacacata cagatccaaa attaataaat 3180
ccaccaggta gtttgaaaca gaattctact ccgatctaga acgaccgccce aaccagacca 3240
catcatcaca accaagacaa aaaaaagcat gaaaagatga cccgacaaac aagtgcacgg 3300
catatattga aataaaggaa aagggcaaac caaaccctat gcaacgaaac aaaaaaaatc 3360
atgaaatcga tccegtetge ggaacggeta gagcecatcee aggattcccece aaagagaaac 3420
actggcaagt tagcaatcag aacgtgtctg acgtacaggt cgcatccgtg tacgaacgct 3480
agcagcacgg atctaacaca aacacggatc taacacaaac atgaacagaa gtagaactac 3540
cgggecctaa ccatgcatgg accggaacge cgatctagag aaggtagaga gggggggggy 3600
ggggaggacyg agcggcgtac cttgaagegg aggtgccgac gggtggattt gggggagatce 3660
tggttgtgtg tgtgtgcgcect ccgaacaaca cgaggttggg gaggtaccaa gagggtgtgg 3720
agggggtgte tatttattac ggcgggcgag gaagggaaag cgaaggagceyg gtgggaaagg 3780
aatccccegt agetgecggt gecgtgagag gaggaggagyg ccegectgecyg tgcceggetca 3840
cgtctgecge teccgccacge aatttcetgga tgccgacagce ggagcaagtce caacggtgga 3900
geggaactet cgagaggggt ccagecgegg agtatcggaa gttgaagaca aagaaggtcet 3960
taaatcctgg ctagcaacac tgaactatgc cagaaaccac atcaaagcat atcggcaagc 4020
ttecttggecce attatatcca aagacctcag agaaaggtga gcgaaggctce aattcagaag 4080
attggaagct gatcaatagg atcaagacaa tggtgagaac gcttccaaat ctcactattce 4140
caccagaaga tgcatacatt atcattgaaa cagatgcatg tgcaactgga tggggagcag 4200
tatgcaagtg gaagaaaaac aaggcagacc caagaaatac agagcaaatc tgtaggtatg 4260
ccagtggaaa atttgataag ccaaaaggaa cctgtgatgc agaaatctat ggggttatga 4320
atggcttaga aaagatgaga ttgttctact tggacaaaag agagatcaca gtcagaactg 4380
acagtagtgc aatcgaaagg ttctacaaca agagtgctga acacaagcct tcectgagatca 4440
gatggatcag gttcatggac tacatcactg gtgcaggacc agagatagtc attgaacaca 4500
taaaagggaa gagcaatggt ttagctgaca tcttgtccag gctcaaagcce aaattagcetce 4560
agaatgaacc aacggaagag atgatcctgc ttacacaagc cataagggaa gtaattcctt 4620
atccagatca tccatacact gagcaactca gagaatgggg aaacaaaatt ctggatccat 4680
tcecccacatt caagaaggac atgttcgaaa gaacagagca agcttttatg ctaacagagg 4740
aaccagttct actctgtgca tgcaggaagc ctgcaattca gttagtgtcce agaacatctg 4800
ccaacccagg aaggaaattc ttcaagtgcg caatgaacaa atgccattgce tggtactggg 4860
cagatctcat tgaagaacac attcaagaca gaattgatga atttctcaag aatcttgaag 4920
ttctgaagac cggtggcgtyg caaacaatgg aggaggaact tatgaaggaa gtcaccaagc 4980
tgaagataga agagcaggag ttcgaggaat accaggccac accaagggct atgtcgecag 5040
tagccgcaga agatgtgcta gatctccaag acgtaagcaa tgacgattga ggaggcattg 5100
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acgtcaggga tgaccgcagc ggagagtact gggcccattc agtggatgct ccactgagtt 5160
gtattattgt gtgcttttcg gacaagtgtg ctgtccactt tettttggca cctgtgecac 5220
tttattcctt gtctgccacg atgcctttge ttagecttgta agcaaggatc gcagtgegtg 5280
tgtgacacca ccccecttec gacgctetge ctatataagg caccgtctgt aagctcttac 5340
gatcatcggt agttcaccaa ggcccggggt cggatctage tgaaggctcg acaaggcagt 5400
ccacggagga gctgatattt ggtggacaag ctgtggatag gagcaaccct atccctaata 5460
taccagcacce accaagtcag ggcaatcccece agatcaccece agcagattcyg aagaaggtac 5520
agtacacaca catgtatata tgtatgatgt atcccttcega tcgaaggcat gecttggtat 5580
aatcactgag tagtcatttt attactttgt tttgacaagt cagtagttca tccatttgtce 5640
ccattttttc agcttggaag tttggttgca ctggccttgg tctaataact gagtagtcat 5700
tttattacgt tgtttcgaca agtcagtagc tcatccatct gtcccatttt ttcagctagg 5760
aagtttggtt gcactggcct tggactaata actgattagt cattttatta cattgtttcg 5820
acaagtcagt agctcatcca tcectgtcccat ttttcageta ggaagttcge ggccgcacac 5880
gacaccatgt ccgeccgcega ggtgcacatce gacgtgaaca acaagaccgg ccacacccte 5940
cagctggagg acaagaccaa gctcgacgge ggcaggtgge gcacctcccee gaccaacgtg 6000
gccaacgace agatcaagac cttegtggcece gaatccaacyg gettcatgac cggcaccgag 6060
ggcaccatct actactccat caacggcgag gccgagatca gectctactt cgacaacccyg 6120
ttegecgget ccaacaaata cgacggecac tccaacaagt cccagtacga gatcatcace 6180
cagggcggcet ccggcaacca gtcccacgtg acctacacca tccagaccac ctecteccge 6240
tacggccaca agtccgaggg cagaggaagt cttctaacat gecggtgacgt ggaggagaat 6300
cceggeccta tgctegacac caacaaggtg tacgagatca gcaaccacgce caacggecte 6360
tacgccgeca cctacctete cctcgacgac tceceggcegtgt cecctcatgaa caagaacgac 6420
gacgacatcg acgactacaa cctcaagtgg ttcctecttec cgatcgacga cgaccagtac 6480
atcatcacct cctacgeccge caacaactge aaggtgtgga acgtgaacaa cgacaagatce 6540
aacgtgtcca cctacteccte caccaactce atccagaagt ggcagatcaa ggccaacgge 6600
tcctectacyg tgatccagtce cgacaacgge aaggtgctea cegecggeac cggcecaggece 6660
cteggectea tccgectcac cgacgagtcece tecaacaacce cgaaccagca gtggaacctg 6720
acgtcegtge agaccatcca getccegecag aagccgatca tcegacaccaa gctcaaggac 6780
taccecgaagt actccccgac cggcaacatc gacaacggca cctecccgea gctcatggge 6840
tggacccteg tgcegtgcat catggtgaac gacccgaaca tcgacaagaa cacccagatce 6900
aagaccacce cgtactacat cctcaagaag taccagtact ggcagagggce cgtgggctce 6960
aacgtcgege tccgeccgca cgagaagaag tcectacacct acgagtgggyg caccgagatce 7020
gaccagaaga ccaccatcat caacaccctc ggcttcecaga tcaacatcga cageggcatg 7080
aagttcgaca tccecggaggt gggcggeggt accgacgaga tcaagaccca gctcaacgag 7140
gagctcaaga tcgagtacte ccacgagacg aagatcatgg agaagtacca ggagcagtcce 7200
gagatcgaca acccgaccga ccagtccatg aactccatceg gcecttectcac catcacctece 7260
ctggagctct accgctacaa cggctcecgag atccgcatca tgcagatcca gacctcecgac 7320
aacgacacct acaacgtgac ctcctacccg aaccaccagce aggccctget gtgagtagtt 7380
agcttaatca cctagaacct agacttgtce atcttctgga ttggccaact taattaatgt 7440
atgaaataaa aggatgcaca catagtgaca tgctaatcac tataatgtgg gcatcaaagt 7500
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tgtgtgttat gtgtaattac tagttatctg aataaaagag aaagagatca tccatatttce 7560
ttatcctaaa tgaatgtcac gtgtctttat aattctttga tgaaccagat gcatttcatt 7620
aaccaaatcc atatacatat aaatattaat catatataat taatatcaat tgggttagca 7680
aaacaaatct agtctaggtg tgttttgctce tagtgctage ctcgaggtcg actctgatca 7740
tggatgctac gtcacggcag tacaggacta tcatcttgaa agtcgattga gcatcgaaac 7800
ccagctttet tgtacaaagt ggttgcggce gcttaattaa atttaaatgt ttggggatcce 7860
tctagagtcg acctgcagtyg cagcgtgacce cggtcecgtgece cctctctaga gataatgagce 7920
attgcatgtc taagttataa aaaattacca catatttttt ttgtcacact tgtttgaagt 7980
gcagtttatc tatctttata catatattta aactttactc tacgaataat ataatctata 8040
gtactacaat aatatcagtg ttttagagaa tcatataaat gaacagttag acatggtcta 8100
aaggacaatt gagtattttg acaacaggac tctacagttt tatcttttta gtgtgcatgt 8160
gttctceccttt ttttttgcaa atagcttcac ctatataata cttcatccat tttattagta 8220
catccattta gggtttaggg ttaatggttt ttatagacta atttttttag tacatctatt 8280
ttattctatt ttagcctcta aattaagaaa actaaaactc tattttagtt tttttattta 8340
atagtttaga tataaaatag aataaaataa agtgactaaa aattaaacaa atacccttta 8400
agaaattaaa aaaactaagg aaacattttt cttgtttcga gtagataatg ccagcctgtt 8460
aaacgccgte gacgagtcta acggacacca accagcgaac cagcagcegte gegtegggece 8520
aagcgaagca gacggcacgg catctcectgte gctgectetg gaccecctcecte gagagttecg 8580
ctccaccegtt ggacttgete cgectgtegge atccagaaat tgcgtggcecgg agcggcagac 8640
gtgagcegge acggcaggeg gcectectect cetcetcacgg caccggcage tacgggggat 8700
tcetttecca cegcetectte gettteectt cctegecege cgtaataaat agacacccce 8760
tccacaccct ctttecccaa cctegtgttg tteggagege acacacacac aaccagatct 8820
cceccaaate caccegtegg cacctecget tcaaggtacyg cegetegtece tcceccccce 8880
ccecectete taccttcetet agatcggegt tcecggtecat gecatggttag ggcccggtag 8940
ttctacttect gttcatgttt gtgttagatc cgtgtttgtg ttagatccgt getgctageg 9000
ttecgtacacg gatgcgacct gtacgtcaga cacgttctga ttgctaactt gcecagtgttt 9060
ctectttgggg aatcctggga tggctctage cgttceccgcag acgggatcga tttcatgatt 9120
ttttttgttt cgttgcatag ggtttggttt gceccttttece tttatttcaa tatatgcecgt 9180
gcacttgttt gtcgggtcat cttttcatge ttttttttgt cttggttgtg atgatgtggt 9240
ctggttgggce ggtcgttcta gatcggagta gaattctgtt tcaaactacc tggtggattt 9300
attaattttg gatctgtatg tgtgtgccat acatattcat agttacgaat tgaagatgat 9360
ggatggaaat atcgatctag gataggtata catgttgatg cgggttttac tgatgcatat 9420
acagagatgc tttttgtteg cttggttgtg atgatgtggt gtggttggge ggtcgttcat 9480
tcgttctaga tcggagtaga atactgtttc aaactacctg gtgtatttat taattttgga 9540
actgtatgtg tgtgtcatac atcttcatag ttacgagttt aagatggatg gaaatatcga 9600
tctaggatag gtatacatgt tgatgtgggt tttactgatg catatacatg atggcatatg 9660
cagcatctat tcatatgctc taaccttgag tacctatcta ttataataaa caagtatgtt 9720
ttataattat ttcgatcttg atatacttgg atgatggcat atgcagcagc tatatgtgga 9780
tttttttage cctgccttca tacgctattt atttgcttgg tactgtttet tttgtcgatg 9840
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ctcaccetgt tgtttggtgt tacttctgca gggtacagta gttagttgac acgacaccat 9900
gtctecggag aggagaccag ttgagattag gccagctaca gcagctgata tggccgeggt 9960
ttgtgatatc gttaaccatt acattgagac gtctacagtg aactttagga cagagccaca 10020
aacaccacaa gagtggattg atgatctaga gaggttgcaa gatagatacc cttggttggt 10080
tgctgaggtt gagggtgttg tggctggtat tgcttacgct gggccctgga aggctaggaa 10140
cgcttacgat tggacagttg agagtactgt ttacgtgtca cataggcatc aaaggttggg 10200
cctaggatcce acattgtaca cacatttgct taagtctatg gaggcgcaag gttttaagtce 10260
tgtggttgct gttataggcc ttccaaacga tccatctgtt aggttgcatg aggctttggg 10320
atacacagcc cgtggtacat tgcgcgcagce tggatacaag catggtggat ggcatgatgt 10380
tggtttttgg caaagggatt ttgagttgcc agctcctcecca aggccagtta ggccagttac 10440
ccagatctga ctgagcttga gcecttatgage ttatgagett agagctcggt cgcagegtgt 10500
gcgtgtecegt cgtacgttct ggecggecgg gecttgggeg cgcgatcaga agegttgegt 10560
tggcgtgtgt gtgcttctgg tttgctttaa ttttaccaag tttgtttcaa ggtggatcge 10620
gtggtcaagg cccgtgtgct ttaaagaccc accggcactg gcagtgagtg ttgcetgettg 10680
tgtaggcttt ggtacgtatg ggctttattt gcttctggat gttgtgtact acttgggttt 10740
gttgaattat tatgagcagt tgcgtattgt aattcagctg ggctacctgg acattgttat 10800
gtattaataa atgctttgct ttcttctaaa gatctttaag tgcttctaga gcatgcacat 10860
agacacacac atcatctcat tgatgcttgg taataattgt cattagattg tttttatgca 10920
tagatgcact cgaaatcagc caattttaga caagtatcaa acggatgtga cttcagtaca 10980
ttaaaaacgt ccgcaatgtg ttattaagtt gtctaagcgt caatttgatt tacaattgaa 11040
tatatcctge cccagccage caacagctceg atttacaatt gaatatatce tgccggecgg 11100
cccacgegtg tcgaggaatt ctgatctgge ccccatttgg acgtgaatgt agacacgtceg 11160
aaataaagat ttccgaatta gaataatttg tttattgctt tcgcectataa atacgacgga 11220
tcgtaatttg tcgttttatc aaaatgtact ttcattttat aataacgctg cggacatcta 11280
catttttgaa ttgaaaaaaa attggtaatt actctttctt tttctccata ttgaccatca 11340
tactcattgc tgatccatgt agatttcccg gacatgaage catttacaat tgaatatatce 11400
ctgceg 11406

What is claimed is:
1. A double-stranded nucleic acid construct for expressing

multiple genes in a plant cell and/or a plant tissue, the

construct comprising a bidirectional promoter comprising:
a first strand comprising a minimal core promoter ele-
ment; and

a second strand comprising a Sugar Cane Bacilloform
Virus (SCBV) promoter,
wherein the bidirectional promoter comprises the nucleo-
tide sequence of SEQ ID NO:5, wherein the minimal
core promoter element drives expression of a first gene
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expression cassette; and wherein the SCBV promoter
drives expression of a second gene expression cassette.
2. A synthetic double-stranded polynucleotide compris-

ing:

a first strand comprising a minimal core promoter ele-

ment; and

a second strand comprising a Sugar Cane Bacilliform
Virus promoter,

wherein the polynucleotide comprises the sequence of
SEQ ID NO:5.



